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PREFACE 


N electric clock implies a mechanical movement of the hands 
driven in some way by electrical energy. The simple electrical 
and magnetic principles involved in this conversion of energy 
are dealt with so as to be easily understood by the clock 

craftsman who is not a trained electrical engineer. 

Since Bain invented the first electric clock in 1840, the number of 
inventions—many of them extremely ingenious—has been legion. 
There are, however, three main groups: 


(1) Clocks in which the electrical impulse is given directly to the 
pendulum or balance. 

(2) Those in which an escapement or pendulum is driven by a spring 
or weight alternately liberated and wound electrically. 

(3) Those driven by alternating current synchronous motors. 


The purpose of this book is to enable the reader to understand 
the operation of all these types and to service them when required. 

Practical notes on the installation of electric clocks in homes and 
business premises are also included. It will be noted that the uniformity 
of time throughout a business or industrial organization that may be 
more easily obtained by electrical methods can be supplemented by 
numerous electrical timing devices. 

The author acknowledges with thanks the assistance in the prepara- 
tion of the text given to him by the British Vacuum Cleaner and 
Engineering Co., Ltd., Everett, Edgcumbe and Co., Ltd., Ferranti, 
Ltd., Gent and Co., Ltd., Horstmann Clifford Magnetics, Ltd., 
International Time Recording Co., Ltd., Magneta Time Co., Ltd., 
Synchronome Co., Ltd., Smiths English Clocks, Ltd., and Venner 


Time Switches, Ltd. 
S. J. W. 


NOTE ON THE SECOND EDITION 


The book has been enlarged and, where necessary, revised, for this 
Edition. The new material included embraces both new developments 
in electric clockmaking and extended treatment of other subjects 
about which more information is evidently required. The additional 
material covers the magnetic escapement, master clock devices, 
impulse dial mechanisms, domestic battery-operated clocks (in which 
there is an increasing interest) and the synchronous alarm clock. 


S.J. W. 
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Chapter I 


ELEMENTARY PRINCIPLES GOVERNING 
ELECTRIC CLOCKS 


O understand the technique of electric clocks, a slight know- 
ledge of electricity is necessary, since the basic principles 
involved are primarily of an electrical nature. In addition, 
it should be realized that the driven train of wheels is stepped 
down; i.e. the synchronous motor, or pendulum, drives the clock’s 
hands through the fastest moving wheel, in contrast to the escapement 
wheel of an ordinary spring driven clock in which the slowest moving 
gear is the one from which the energy or working force is derived. 


The Gear Train 


It is obvious, therefore, to any practical watchmaker, that the various 
gears required to enable an electric system to function correctly are 
merely a matter of counting the number of revolutions covered by the 
synchronous motor, or impulses of a pendulum, etc., over long inter- 
vals of time, of which the hour forms a basis. The gears themselves do 
no work other than turn the hands. 

There is practically no pressure between the teeth and their pinions, 
while the pivots rotate idly in their respective bearings. This does not, 
of course, apply to clocks of the electrically wound type. 


Period of Use before Overhaul 


The first thing that occurs to the practical man is that surely with 
a train of wheels such as this with practically no back torque, wear of 
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FIG. I.— REACTION BETWEEN 
A SIMPLE MAGNETIC NEEDLE 
AND BAR MAGNET 


the pinions and pivots is unlikely. This is so, and unfortunately for 

the repairer, a gear train of a synchronous clock will run for many 

years without the slightest attention. The complete absence of wear 

in the pivots, or pinion leaves, after very long periods is one of the 
9 
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features that has made the electric clock so successful. The only point 
at which wear can possibly take place is in the motor bearings them- 
selves. Even these are now made fool-proof and contain an adequate 
oil supply capable of many years work. 

It is not meant to imply that, because the modern synchronous 
clock is trouble free, such clocks never require the repairer’s attention, 
since it is a good plan to give, especially the earlier types, a superficial 
overhaul once every five years, if possible. 


Simple Electrical and Magnetic Principles 


An elementary knowledge of electricity is necessary for the complete 
handling of electric clocks of all types, and in this chapter are given 
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+ =| FIG. 2.—ACTION OF AN ELECTRO- 
MAGNET UPON A MAGNETIC 
NEEDLE 
X 
BATTERY 


the fundamentals which even the most non-technical of readers should 
be able to understand. 

It is generally known that a simple compass needle, as shown in 
Fig. 1, is affected if another magnet is brought into close proximity 
with its poles. Should we rotate the magnet, the compass needle 
will also rotate with it. Actually this is due to the reacting magnetic 
flux, or lines of force, which cause magnetic poles either to attract or 
repel each other. The rule is that like poles repel, while unlike poles 
attract. 


The Electro-magnet 


Instead of using a permanent magnet as illustrated, we can sub- 
stitute a coil of wire as shown in Fig. 2. On connecting the two free 
ends to a low-voltage battery or other source of supply, we find mag- 
netic characteristics similar to those of the permanent magnet. That 
is, one end of the coil repels the compass needle, while the other 
attracts it when the poles of the coil are brought into close proximity 
to the compass needle. This simple experiment proves that an ordinary 
coil of wire when carrying an electric current, possesses all the necessary 
characteristics of a magnet, while the current passes through the coil. 
A north pole is formed at one end and a south pole at the other. 

It will be noted when trying this experiment, that the attraction 
or repulsion with a single layer coil of few turns is rather weak. There 
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are two methods of strengthening these effects; the first is to increase 
appreciably the number of turns on the winding, while the second 
method is to introduce an iron core within the turns of the winding, 
or, as is generally the case in practice, by adopting a combination of 
both. The reason is that the strength of any magnetic field is propor- 
tional to the ampere-turns and the area of iron in the core, ampere- 
turns being the current in amperes multiplied by the number of turns 
on the coil. This is made clear from the following example: 

If a current of 0-5 ampere flows in a coil of 100 turns, then 
100 X0-5=50 ampere-turns. 

Should the number of turns be increased to 200, we should have 200 
X0-5=100 ampere-turns, and so on. On the other hand, assuming 
we have a current of 100 amperes and a coil containing only two turns, 
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FIG. 3.—-ELECTRO-INDUCTIVE 
EFFECT OF A TWO-POLE RO- 
TATING MAGNETIC FIELD 


The meter has a centre-zero 
scale. 


METER 


this will equal 200 ampere-turns, owing to the fact that 100 x 2=200. 
Naturally, a coil to carry 100 amperes would have to possess a 
very large cross sectional area to accommodate such a large current 
without overheating. 

These simple facts should be borne in mind, since the design of all 
electro-magnetic apparatus depends fundamentally upon them. 

Introducing iron into the coil increases the magnetic flux consider- 
ably by decreasing the reluctance! of the magnetic path. 


The Principle of Induction 


Assuming that we have a coil wound on a suitable spool, with the 
beginning and end of its winding connected to a millivoltmeter in a 
manner similar to that shown in Fig. 3. On. bringing the pole of a 
permanent magnet close to one pole of the coil, it will be noticed 
that the needle of the instrument will be deflected, say, from right to 
left, but upon withdrawing the magnet, a reverse movement of the 


1 The reluctance of a magnetic circuit is the opposition offered by the material to 
the establishment of a flux, and in certain ways is analogous to the resistance of an 
electrical circuit, i.e. its opposition to the establishment of a current. 
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needle takes place. Or again, rotating the magnet about an axis will 
cause the needle to oscillate each side of its zero position at a speed 
the periodicity and amplitude of which is roughly proportional to the 
speed of the magnet. 

As the speed increases, the oscillations become more rapid, while the 
amplitude gets less and less, until a point is reached at which the fluc- 
tuations become so small as to cause only a mere vibration of the pointer. 

This is due to the inertia of the moving parts of the instrument and 
to a factor known as “magnetic time constant”? which simply means 
the time lag of the coil to reach its maximum inductive value, i.e. due 
to the speed of the magnet, a high time period takes place. The 


COIL CORE 


FIG. 4.—ELECTRO-INDUCTIVE 
EFFECT OF A MULTI-POLE 
MAGNETIC FIELD 


magnetic flux induced in the core lags behind that of the magnet by 
an amount inversely proportional to the speed. 

These simple experiments show that a relationship exists between 
magnetism and electricity. Induction is produced by magnetism, 
while E.M.F. or electro-motive-force in a system of conductors is 
produced by induction. 


A Simple Alternating Current Generator 


Should the magnet contain a large number of poles, then it is 
easy to see that the fluctuations of the instrument needle would be 
much more rapid for a given speed. In Fig. 4, the equivalent of three 
magnets pass the pole in one revolution, during which the induced 
current changes its direction six times in the period of one revolution. 
The simple graph (Fig. 5), shows the changes produced with each 
reversal of magnetic polarity. 


A Simple Synchronous Motor 


Assuming that we have two similar electro-magnets (Fig. 6) each 
containing a six-pole permanent magnet, with the coils connected 
together as shown. If we were to spin the rotor of No. 1, currents 
would be induced in its coil the periodicity, or cyclic changes of which, 
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would be proportional to the number of poles passing the coil core 
per revolution, and the speed of rotation of the magnet rotor. Should 
this rotor magnet be maintained at constant speed, while rotor magnet 
No. 2 is spun up to an equivalent speed by hand, the two rotors will 
then rotate in synchronism. The second magnetic system under these 


TIME BASE 
LINE 


FIG. 5.—-CURRENT REVERSALS OF A CHANGING MAGNETIC FIELD 


conditions acts as a synchronous motor. Due to the alternating current 
supplied by coil No. 1, the polarity of coil No. 2 keeps reversing, and this 
causes rotor No. 2 to rotate pole by pole past the coil, in step or syn- 
chronously with each change in polarity. Similarly, should No. 2 rotor 
be rotated, then No. 1 becomes the synchronous element. 


The Speed of the Synchronous Motor 
As already stated, the speed of the synchronous motor depends 
absolutely upon the speed of the alternating current generator, or 
alternator, as it is called. Should therefore, the number of poles on 
each be equal, both systems will operate at identical speeds: 


Example: 
No. of teeth on driven rotor No. 1 = 6. 
No. of teeth on synchronous rotor No. 2 = 6. 
Assuming the driven rotor completes 200 revolutions per minute, 
then 6 x 200 = 1,200 changes or reversals in the polarity of coil No. 1 
take place in one minute, while the same number of magnetic reversals 


No.2. COIL 


No.1. COIL 


CONNECTING LEADS 


FIG. 6.—RELATION BETWEEN AN ALTERNATING CURRENT GENERATOR 
AND A SYNCHRONOUS MOTOR 


14 ELECTRIC CLOCKS 


takes place at the core of the motor; the number of reversals per second 
is 1200/60 = 20. 

Interacting with these changes in the polarity of the motor coil are 
the six poles of the synchronous rotor, one pole of which passes the 
field coil every 1/20th or 0-05 of a second. All six poles pass in 0-05 x6 
= 0-3 second, which is the time taken by the rotor to complete one 
revolution. The synchronous rotor therefore makes 60/0-3 = 200 
revolutions per minute, which is the same speed as the driven rotor 
having the same number of poles. 

If the synchronous rotor had four poles instead of six, one revolution 
would take 0-05 x 4 = 0-2 of a second and the speed of the motor would 
be 300 revolutions per minute. 


Producing Pulsating Current by means of a Tuning Fork 


In a similar manner, an electrically maintained tuning fork is also 
capable of supplying an intermittent current the frequency of which is 
dependent upon its natural 
vibration. 

Such a device is kept in 
resonant vibration by means of 
a small electro-magnet shown 
at A, Fig. 7, in series with a 
battery D. The vibrations of 
the arm B are arranged to 
operate the contacts C and Qi, 
thus maintaining a rapidly 
changing current from the bat- 
tery Æ to the coil F. The rotor 
therefore revolves at a speed 
equivalent to the natural fre- 
quency of the fork. 

The first pair of contacts in 
series with a battery are utilized 
to maintain the fork in resonant 
vibration by its own natural 
frequency, and the second pair 
to supply an intermittent cur- 
rent to the coil of the motor. 
Once the motor is spun up to 
synchronous speed, which in 
this case is equivalent to the 
natural frequency of the fork, 


rotation continues so long as 

FIG. 7.—METHOD OF OPERATING A SYNCHRO- Pee , 

NOUS MOTOR FROM THE NATURAL VIBRATION the vibration of the fork = 
OF A TUNING FORK maintained. 
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These simple examples can now be assumed to represent essential 
factors in connexion with the operation of all synchronous motor 
clocks, i.e. an alternating current generator or source of supply and 
the driven clock motor. 

The enormous turbo-alternators installed at central generating 
stations run year in and year out at 3,000 r.p.m., supplying A.C. 
current at exactly 50 cycles per second, thus operating thousands of 
synchronous clocks, which may be connected in their distribution 
systems. 


Ohm’s Law and its Uses 


Now how does Ohm’s Law affect electric clocks from the point of 
view of the practical watchmaker and jeweller? By the aid of this law 
not only can direct current and impulse systems be tested out, but 
synchronous clocks as well. Let us see how this law can be of use in 
practice. Assume that the working coil of a clock is suspected of being 
faulty, turns short circuiting, etc. To commence with, we know that 
for such a coil to be efficient it must possess its full number of active 
turns, and therefore its full rated resistance. 

Now an energizing coil, whether from an electric clock or any other 
electrical device, offers appreciable impedance or resistance to the 
free passage of the current. This resistance increases with the number 
of turns, and the decreased diameter of the wire of which the coil is 
wound, also the metal from which the conductors are made; the 
temperature and other factors also affect the resistance. This factor 
of resistance is very important in electrical measurements, being, 
fundamentally, one on which all calculations in this connexion are 
based. 


Ohm’s Law may be shown by the formula 
I=} where I= Current, V = Electro Motive Force or Volts, and 


R = Resistance. 

The volt is the unit of electrical pressure. (V) 

The ampere = the current, i.e. the rate of flow of electricity. (J) 
Ohms = Resistance opposing the free passage of current. (R) 


Now if we know any two of the factors indicated above, the third 
value can always be found. 


Examples: 
Knowing V and Jf, find R: 
Oo Resistance, or expressed mathematically, us =R. 
Current 7 


Knowing R and J, find voltage: 
Resistance X current = voltage, or R x I= V. 
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Knowing V and R, find Z: 
Voltage 


yV 
—— = Current, or — = I. 
Resistance 


R 
Thus: 


V V 
7 Rand; =fandI x R=V. 


Now just one more factor before we proceed. The product of volts 
and amps. = the power in watts; i.e. V x I= watts, and 1,000 watts for 
one hour or 1 kW-hour = 1 B.O.T. (Board of Trade) unit. 


Similarly, knowing watts and volts, find current: 


Yai current, or gA I 
Volts er V 
Example: 
A lamp takes 50 watts at 200 volts, find the current taken: 
50 watts 
00 coe 0-25 amperes. 


How a Clock Coil may be Tested 


Should we wish to detect a fault in, say, a working coil of a clock, we 
simply measure the resistance of that particular coil by the application 
of Ohm’s law. All we require for this purpose is an accurate volt- 
meter and an ammeter; both instruments should have multi-range 
scales, i.e. the voltmeter being calibrated to read from millivolts to 
300 volts, while the ammeter should read 0-50 milliamp to 0-5 amp. 


FIG. 8.—TESTING CLOCK COIL 
WITH AMMETER AND VOLT- 
METER 


for D.C. testing. For A.C. work, however, the former instrument 
should be of the rectifier type, while the ammeter should be of the 
hot wire or thermo-couple type. 

Let us consider that the coil A, Fig. 8 is to be tested as it is suspected 
of being faulty. Connect a low voltage battery B in series with an 
ammeter across the two ends of the coil, as shown, and the voltmeter 
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across the winding as indicated at D. It should be obvious that the 
combined readings of the voltmeter and ammeter, due to the passage 
of the current through the coil, give two of the fundamentals of Ohm’s 
law, from which the third, the resistance, can be found. 
Example: Assuming the voltmeter reads 4 volts and the ammeter 
0-25 amp. then: 
V 
[emi 08 
It is usual for the makers to quote the normal circulating current 
required to operate the clock, and should the results as found by the 
above test coincide with this figure, the check up can be taken as 
correct. But should the current taken be in excess of this value, then 
it can be taken that the winding has broken down. 


Assuming the reading of the ammeter equals 0-4 amp. then: 


= 16 ohms. 


Ve 4 
Teo 10 ohms. 
This equals a difference of six ohms from the previous example, 
: 6 
thus showing clearly that Ta 


37-5 per cent of the winding has 
broken down, and is therefore 
inactive. 

Again, knowing the maker’s 
standard resistance of the coil, 
the equation becomes: 


volts 
Rive resistance 
4 
rE 0-25 amp. 


‘Of course the coil can be 
tested in this manner without 
removal from the actual clock, 
by connecting the meters in 
circuit as shown in Fig. 9. 


Testing a Group of Coils 


When a number of coils are 
to be tested, it is best to con- 
struct a small test bench, on 
which a number of similar 
clocks can be tested together. 


The arrangement is clearly 
FIG. 9.—TESTING COIL WITHOUT REMOVING : x : } 
FROM CLOCK shown in Fig. 10, in which the 


B 
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voltmeter is connected across the line, giving an indication of the voltage 
applied to the two ends of the winding, while the ammeter is directly in 
series, and giving the value of the total current flowing in the circuit. 
The connexions to the clocks are standard flexible cables, fitted with 
plugs and sockets for attachment to the supply leads, which, by the way, 
are carried at the back of the bench. Suitable connectors to grip the 
clock contacts consist of small ‘‘crocodile”’ paper clips and form a very 
useful means of gripping the contacts, which are very often situated 
in an inaccessible position. 

The pear switch seen on the left is of course connected in series and 
is used for taking “‘snap readings” of the volt and amp. values as 


FIG. 10.—SERVICE TEST BENCH FOR TESTING CLOCK CIRCUITS 


indicated. An ordinary lighting tumbler switch could be used for the 
purpose, but the pear type is much more convenient, since it can be 
held lightly between the thumb and finger, while rapid readings of the 
instruments are taken, which is not the case with a switch of the tum- 
bler variety. 


Calculating the Power taken by Clock Coils 


Should it be required to measure the watts taken by the working 
coils of one or more clocks, all that is required is to apply the simple 
example V x J, or volts and amps. Should the coil be rated at 16 
ohms, then from our previous proofs we know the D.C. current to be 
0-25 amps. The ammeter therefore indicates 0-25 amps., while the 
voltmeter shows a value of 4 volts. 

The total wattage taken by one coil, therefore, equals V x J, or 
volts x amps. 4 volts x 0-25 amp. = | watt, or in the case of a 
number of exactly similar clocks being dealt with at one time, the 
value is equivalent to dividing the total watts taken by the number 
of clocks in circuit. 
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Troubles with Contacts 


Generally speaking, in connexion with D.C. clocks, the contacts 
are the only points in which trouble is likely to be experienced, al- 
though with modern design, even this is unlikely until after many 
years of service. 

When a contact is considered to be defective, it means that an appre- 
ciable voltage drop has taken place across the surfaces when closed. 
This has the effect of increasing the circuit resistance at this point, 
which in itself is sufficient to impair seriously the correct working of 
the clock. 

Now just for the moment let us consider what takes place when two 
similar pieces of rare metals are brought together in metallic contact, 
while a current is passing. No matter how perfect these surfaces are, 


FIG. II.— TESTING CONTACTS 
BY MEANS OF MILLIVOLTMETER 
AND BATTERY 


VOLTMETER 


the actual transference of the current takes place through a series of 
uneven, microscopic projections, in addition to which there nearly 
always exists a slight film of oxide. This state is clearly visible when 
the surfaces are examined under a microscope after being in use. 

After prolonged use, the tendency is for this oxide film to increase, 
in consequence of which the surfaces become more and more ragged, 
until a time is reached when the voltage drop becomes so excessive 
that the movement of the clock becomes erratic and eventually stops. 

All contacts, however well designed, cannot possibly have the same 
conductive characteristics as a solid mass itself. This fact, therefore, 
goes to show that a slight resistance is offered at the points of contact, 
to the free passage of the current. 

Assuming we have two surfaces, as shown by Fig. 11, kept in metallic 
contact by a weight of, say, five ounces; by connecting the millivolt- 
meter across the contact junctions while a current is passing, a small 
reading on the instrument will be observed, provided it is sufficiently 
sensitive. 

Assuming this deflexion equals 3 millivolts, then by Ohm’s law, the 
resistance = a = = 0-006 ohm. 

Should the weight be increased, the resistance will decrease. On 
the other hand, should the weight be decreased the R will increase. 
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Modern Contacts 


In many of the early clocks this was the chief reason for their 
failure, but in modern practice, several ingenious devices have been 
introduced, reducing this trouble to an almost negligible amount. 
Two of these may be mentioned here. 

The first method consists of arranging the contacts to “wipe” one 
another during the period of passing current. Should the magnitude 
of current dealt with at this moment be small, then the arrangement 
could be described as self-cleaning. 

The second is the famous Synchronome system, in which the 
surfaces meet in rapid contact by the throwing of the gravity arm, 
but in this connexion more information will be given later. 

With the aid of the simple test panel, clock systems can very easily 
be checked electrically and tested out for faults with the use of test 
leads, as already explained. In fact, the operation can be conducted 
in a manner similar to the checking up of a wireless set. 

It may here be mentioned that certain metals, such as an alloy of 
gold and silver, have the property of forming an oxide on their contact 
surfaces which is highly conductive. This formation is therefore of 
great use in this connexion, and to a large extent eliminates the 
trouble mentioned. 
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FUNDAMENTALS OF ALTERNATING 
CURRENT 


HE type of electric clock the average watchmaker and 
jeweller is most interested in is the alternating current (A.C.) 
synchronous pattern. 


Power taken by an A.C. Clock 


Now, when dealing with an alternating current, the watts taken to 
operate any particular working coil are not quite the same as when 
computing for D.C., which is volts X amps. 

Due to the inductance of the coil, the voltage and current cycles in 
the A.C. circuit are not in step with each other, as shown in Fig. 1. 
The voltage reaches its maximum value (v).before the current (7). 
The current, therefore, is said to lag behind the voltage. The angle 
of lag, ¢ [Greek letter phi], represents this difference in phase, and 
this angle is constant for all instants of time. Note, for example, that 


Vi U., 
set OLTAGE CURVE 
CURRENT CURVE 


FIG, I.—DIAGRAM INDICATING THE EFFECT OF PHASE LAG BETWEEN THE VOLTAGE 
AND CURRENT IN AN ALTERNATING CURRENT CIRCUIT 


when the voltage has diminished to nil, current (a) is still flowing in a 
positive direction in the circuit. The power at this instant must be 
nil (o X a = 0). The power at instant (c) will be negative. 

In view of these conditions, the calculation for average A.C. 
power (watts) becomes volts X amperes (as measured in the usual way) 
multiplied by some factor less than one. This factor is called the 
power factor of the circuit and is equal to cos 6. ¢ being the phase angle. 
The expression, cos ¢, need not cause any alarm since, when dealing 

2I 
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with clocks, the cosine of the phase angle rarely reaches a point below 
0-75, and in all further examples we shall take cos ¢ as equal to 0-750. 
Example: 

A synchronous clock motor takes 2 watts at 200 volts to operate, 
find the approximate current taken. 

Using W = watts, V = volts, and cos ¢ = power factor, as 
W=VxIxcos¢ 


a WwW 
~ Vx cosd 
which, in our particular case, simply means that 
I= a S 0-01333 amp. = 13-33 milliamps. 


200 x 0-75 
The example is very simple, but should prove of use to the practical 
man in grasping the technique of the systems to be described in later 
chapters. 


WINDING © d 5—WINDING FIG. 2.—SIMPLE TRANSFORMER 
No.2 : p ; b No.1 CORE WITH PRIMARY AND 
d ; SECONDARY WINDING 


‘LAMINATED CORE 


The Simple Transformer 


Assuming we have a laminated core, containing a winding on each 
limb similar to that shown in Fig. 2. If we pass an alternating cur- 
rent through winding No. 1, currents will also be induced within 
winding No. 2. 

This principle is, in fact, the basis of a static transformer, where the 
voltage or current can be stepped up or down as required, depending 
upon the ratio of turns between the primary and secondary winding, 
as follows: 

No. of turns on primary _ Primary voltage 
No. of turns on secondary Secondary voltage 
Example: 
If the primary has 10,000 turns, the secondary 1,000 turns, and the 
primary voltage is 200 V, what will be the secondary voltage, V4? 
10,000 _ 10 _ 200 
1000 1 V, 
200 
Then the secondary voltage, V, = mw 20 volts. 
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The currents induced in the secondary of such a transformer are 
inversely proportional to the number of turns. If, for example, we 
decrease the secondary turns, we increase the current induced in 
them and, at the same time, decrease the voltage in inverse ratio. 

The current ratio in the above example is: 


Primary Current __ Turns on secondary 1,000 _ 1 me 
Secondary Current Turns on primary 10,000 10 + 


With 0-02 amp. in primary, 002x10 =0:2 amp. will circulate 
through the secondary. 

The secondary turns can, if required, be reduced to one; in which 
case the cross sectional area must be increased, very often to large 
proportions, to carry the heavy currents induced. Indeed in many 
cases it is necessary to employ heavy cast copper rings for this purpose. 
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FIG. 3-— SINGLE-PHASE INDUCTION MOTOR FITTED FIG. 3A.— SIMPLE SQUIRREL-CAGE 
WITH QUADRATURE OR SHADING BANDS ROTOR WITH END PLATES AND 


ROTOR BARS 


Principle of the “Shaded-Pole’’? Motor 


At the poles of an electro-magnetic system as described above, we 
have two magnetic fields: the flux at pole No. 1 is in phase with the 
line voltage, while at pole No. 2 the flux (caused by the induced current) 
is out of phase with No. 1 by an angle depending upon the inductance 
at this point. This shifting magnetic field is usefully applied in small 
self-starting motors as it has the property of reacting with a freely 
pivoted conductor, in such a manner as to cause it to rotate. 

A simple A.C. induction motor employing this method of flux 
progression, generally referred to as a “shaded-pole system”, is shown 
in its simplest form by Figs. 3 and 3a. The rotor, it will be seen, 
consists of a laminated iron core containing a number of longitudinal 
slots, spaced at equal distances round its circumference. 
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A number of copper rods are threaded through these slots and are 
attached to two end rings as shown. The end plates and bars are in- 
sulated from the rest of the core by means of insulating tubes and 
rings. 

The complete rotor is embraced by a four-pole field, to which the 
stator coils are fitted. The right-hand section of each pole is embraced 
by a copper short-circuiting band accommodated within a suitable 
slot, in such a manner as to be clear of the rotor under working 
conditions. 

The four main stator coils are necessarily connected in series with 
adjacent windings in opposite directions, to enable N, S, N, S poles to 
embrace the rotor at any instant, with each cyclic change of frequency, 
which at 50 cycles = 50 x 60 = 


K 20 3,000 changes per minute. 
S) Due to this rate of change, the 
copper short circuiting bands con- 
E stitute a one-turn secondary wind- 
ing, in which currents of large 
magnitude are induced. These, 


ELECTRO ; : 
macner however, lag behind the impressed 


voltage. 

The resultant magnetic flux in 
the gap is therefore of a progress- 
S ively shifting nature, i.e. points A 

“coprer Disc and B differ in phase, as also do 
FIG. 4.—FOUCAULT OR EDDY-CURRENT Disc Points C' and D. 

The shifting of the stator flux 
across the copper bars of the rotor induces currents in them and 
therefore a rotor flux. The interaction between these two fields drags 
the rotor round in the direction taken by the stator flux at a speed 
proportional to the frequency and the inductance of the system. 

The rotor does not run exactly in step with the frequency, but lags 
behind. In other words, there is always a slip in this type of motor, 
between the rotor and stator magnetic flux. 

Such a motor is generally termed “‘asynchronous’’ to distinguish it 
from that of the true synchronous pattern, in which the rotor speed is 
absolutely proportional to the frequency, and cannot run at any other 
speed but in step with the periodicity of the supply. 


The Basic Principles of the Induction Motor 


To understand the basic principles of the induction motor more 
fully, examine the drawing, Fig. 4. Here we have a pivoted copper 
disc interposed between the poles of two electro-magnets. Now should 
a current from a battery or other source circulate through the windings, 
a magnetic flux will be set up in the gap at right angles to the disc. 


FUNDAMENTALS OF ALTERNATING CURRENT 25 


Upon giving the disc a sharp tWist, an appreciable braking effect 
will be felt, as though an invisible brake had been applied. Should 
the rotation be continued for any length of time, the temperature of 
the disc will rise, due to the formation of eddy or Foucault currents 
induced on its surfaces. 

It is this property of becoming locked in a magnetic field that enables 
the rotor of a motor to move with a field which itself revolves. The 
progressively shifting or rotating magnetic flux set up in the rotor gap 
of the shaded pole motor (Fig. 3), drags the rotor round with it, but 
as stated above, never in step with the frequency, for reasons already 
explained. 

Certain self-starting clock motors employ this induction principle, 
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FIG. 5.— ROTATION OF A THREE- 
PHASE FIELD 
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for running up a synchronous rotor sufficiently for it to be locked in 
step with the frequency, examples of which will be explained later. 


Three-Phase Motors 


In the case of a three-phase current, such as that used on motors 
of large capacity, the three-phase wires are brought into the motor 
and are connected to the stator coils at three points, in a similar way 
to that shown by Fig. 5. / 

It will be self evident to the reader, that with such an arrangement 
the magnetic flux embracing the rotor will be self progressive, since 
the phase rise will occur in the order of 1, 3 and 2. 

The phases then reach their maximum E.M.F. in the cyclic order 
named above, where phase 1 leads on phase 2, and phase 2 leads on 
phase 3 and so on. Thus, taking into consideration any two of the 
phases, say 1 and 2, phase 1 is called the leading phase, while phase 
2 is the lagging phase. 

Finally, 3 and 1 are again leading and lagging, thus by suitably 
designing the rotor, a very efficient motor is the result, and one in 
which no shading bands or subsidiary windings are used. The general 
construction is also considerably simplified. 


Chapter IIL 

THE CENTRAL CONTROL OF 

SYNCHRONOUS CLOCKS AT 
GENERATING STATIONS 


OW let us take a look inside a modern generating station 
and see exactly what takes place there to keep synchronous 
clocks running in step with the frequency. Also, how this 

' frequency is kept constant within the fine limits specified 

by the Central Electricity Board, the standardization of which is now 
practically universal throughout the British Isles. 


The Turbo-Generating Set 


The general lay-out of a turbo-generating set is diagrammatically 
shown by Fig. 1. Here you see an outline of the machine which, as 
almost everybody knows, is the prime mover, so far as synchronous 
clocks are concerned. These gigantic sets in some cases carry a load 
of 50,000 kilowatts and are of approximately 66,000 horse power. 
Current is generated at a high terminal pressure, normally 11,000 
volts. 

This high tension current is produced on what is known as a three- 
phase, three-wire principle, which means that the huge stators con- 
tained within these sets have three complete sets of windings. These 
are staggered in relation to each other (120 geometrical degrees apart) 
enabling three complete cycles to be generated per revolution of the 
rotor. 

The maximum volt peaks with such an arrangement do not occur 
at identical instants of time, but are displaced by an interval depending 
upon the angular difference of the windings, and the revolutions per 
minute of the rotor, generally 3,000. 


How Electricity is Distributed to the Consumer 


The currents generated by this three-phase system are transmitted 
for distribution by three complete sets of wires, usually referred to as 
leading, lagging and middle phase wires, which simply indicates the 
time sequence during which the three peaks occur in relation to each 
other. These three output wires are clearly shown on the sketch. 

Now the voltage, as generated, is far too high for most industrial 
and all domestic uses, so it is reduced by means of step-down 
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PHASE 1 
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STEP DOWN 
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EXCITER FOR 
GENERATOR 


EVERETT, EDGCUMBE 
MASTER FREQUENCY 
METER 


FIG. I.—GENERAL LAY-OUT OF GENERATOR AND MASTER CLOCK FOR 
FREQUENCY CONTROL AT GENERATING STATIONS 


transformers to a more suitable and less dangerous pressure. The 
arrangement of step-down is also indicated in the drawing. 

The step down in voltage may be to 400 volts pressure.1 This means 
that the secondary, or low voltage, as measured across any two phases, 
is 400 volts, which is a suitable pressure for most industrial power 
purposes where three-phase motors, etc., are operated. 

Even this large step down in voltage is not sufficiently low 
for the operation of domestic lighting, heating and. power loads, and 


1 Complete standardization at one voltage will be reached in the future at 415 volts 
between phase lines and 240 volts between phase and neutral. 
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synchronous clocks, for 
which not more than 250 
volts is required. 

Just how this is brought 
about in practice should 
prove of special interest. 
A large proportion of low 
tension distribution sys- 
tems operate at 400 volts 
three phase for power, 
and 230 volts single phase 
for light and domestic 
load generally. 

The usual method of 
bringing about the necessary 230 volts is by star connecting the low 
tension secondary winding of the final distribution transformer. This 
enables a centre tapping to be brought out from the mid-point 
connexions, forming a common junction of the finishing ends of the 
three windings, as shown by Fig. 2. The fourth wire is called the 
“neutral”? and under normal circumstances it is at earth potential. 

Between any two phase lines the pressure is 400 volts. 

The electrical pressure as measured from any one phase to earth 


PHASE LINES 


NEUTRAL WIRE 


FIG, 2.—STAR-CONNECTED THREE-PHASE CIRCUIT 


is equivalent to at of the phase voltage, i.e. 


V3 
Voltage 400 _ 
a Ge Ea 230 phase to neutral volts. 


This, then, briefly indicates the means by which we get the low 
tension working voltage for 
electric clocks. The frequency, 
however, must also be kept 
constant since it is practically 
the governing factor in the 
correct functioning of the syn- 
chronous clock. 

How is the frequency kept 
standardized at exactly 50 
cycles? 


How Electric Clocks are 


Controlled 
The hands of an electric FROM SUPPLY 
clock are driven by a miniature $0 CYCLES 


synchronous motor (Fig. 3) ? FIG. 3.—SIMPLE DIAGRAM OF SYNCHRONOUS 
operated from the alternating MOTOR CLOCK 
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current mains, and the speed of the rotor fitted to this particular 
mechanism is strictly proportional to the frequency with which the 
current alternates or reverses its direction of flow. The standard fre- 
quency of alternating current is 50 cycles per second, and this revolves 
a two-pole rotor at 3,000 revs. per minute; more recent designs have 
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FIG. 4.—GOVERNOR CONTROL OF A 1,000 KW. TURBO-GENERATOR 


multi-polar rotors and their speed has been reduced to 150 revs. per 
minute, with a consequent reduction in the number of gears required 
to drive the hands, combined with practically silent running. 


Governing Speed of Generator 


The only means by which the frequency of the current may be 
controlled is by varying the speed at which the turbo alternator runs; 
in modern designs this is as high as 3,000 or even 6,000 revs. per minute. 
It will be realized, therefore, that a very sensitive governor for the 
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frequency control is needed; the important part of this governor is 
the synchronizing spring which is readily indicated by the drawing, 
Fig. 4. By turning the worm that meshes with the screwed collar, 
the tension of the synchronizing spring may be altered while the turbine 
is running, and within the limits of this spring the speed of the turbine, 
and therefore the frequency, is altered: i.e. by increasing the 
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FIG. 5.—THE GENERATING STATION MASTER CLOCK 


The internal arrangement of the master frequency meter illustrated in Fig. 1. 
From the comparison dial the station engineer can tell whether the turbo-generator 
is running in front of or behind standard time, so that he can take steps to adjust its 
speed; incidentally, such adjustments keep the synchronous motor clocks connected 
to the electric supply mains up to time. Note that there is no mechanical connexion 
between the standard time pendulum and the standard time dial which it controls. 
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tension the speed is increased, and by reducing the tension the speed 
is lowered. 

The member that operates the steam valve does so indirectly by 
controlling the pressure of an oil supply, which, in turn, operates a 
piston in such a manner as to control the steam supply. Very accurate 
control of the turbine is thus obtained, and in consequence very fine 
adjustment of the frequency. 


The Central Station Master Clock 


On the control board at the Central Station there is a precision 
master clock, operated by a free pendulum (see Figs. 1 and 5), itself 
synchronized by the daily time signals. At the upper part of the master 
frequency meter will be seen a large dial with a central graduated 
disc (Fig. 5). The central disc, on which is painted a red line, is sub- 
divided into 180 divisions, and is rotated through gears by a “‘Synclock”’ 
(Warren type) synchronous motor working off the A.C. mains. The 
speed of the motor depends, of course, on the frequency of the generator, 
and the gears are so arranged that, if the frequency is maintained at 
exactly 50 cycles per second, the disc will make one revolution in 
3 minutes. The time pointer on the dial is electrically controlled by 
the electric impulse pendulum and therefore keeps accurate time, 
making one revolution in 3 minutes. Provided the frequency is correct, 
the red line on the disc will rotate with the time pointer. Any alteration 
in the frequency will be indicated by the red line gaining or losing on 
the time pointer, the exact difference being readable on the graduated 
disc. The average frequency can, therefore, be corrected by altering 
the setting of the turbo-alternator governor until the red line and time 
pointer coincide. This has the effect of bringing all the synchronous 
clocks connected to the mains up to time. 

It may be asked how the time pointer of the meter is controlled by 
the impulse pendulum clock so that it rotates with an even, steady 
movement. The synchronous motor which drives the frequency time 
disc also drives the time pointer, but an ingenious arrangement, which 
is illustrated in Fig. 5, enables the impulse pendulum clock to move 
the pointer every half minute to its correct position corresponding to 
standard time. 

Referring to Fig. 5, the frequency disc is rigidly connected to the 
driving sleeve (which is geared to the motor) and the spindle of the 
time pointer is driven from this sleeve through the friction clutch. The 
spindle carries a star wheel having six V-shaped depressions, and a 
roller is forced into one of these depressions every 30 seconds by an 
electro-magnetically operated striker. The gear ratio and the number 
of depressions in the star wheel are such that if the frequency is correct, 
the roller exactly fits into the appropriate depression. But if the 
frequency is high or low, the roller will fall on to the slope of the 
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depression, and force the star wheel and time pointer into its correct 
position by causing the clutch to slip. Thus, the impulse pendulum 
clock is used to regulate, not to drive, the time pointer. 

The Everett, Edgcumbe master frequency meter has been adopted 
as standard in the British “Grid” and is extensively employed through- 
out the world. The standard time pendulum may be arranged in the 
same case as the comparator dial and other dials, as in Fig. 1, or be 
placed at any convenient distance from them. 

Two dials will be seen at the lower part of the clock, Fig. 1. The 
hands of one indicates Greenwich time and is controlled by the master 
clock, while the other is operated by a synchronous motor connected 
to the supply, and therefore shows synchronous time. The purpose 
of these clocks is to act as comparison standards, and also to check 
the clocks connected to the mains. 

The magnitude of any errors that may occur in the timekeeping 
of the clocks connected in the line will depend upon the amount the 
frequency is above or below 50 cycles, and the period of time this has 
taken place in; but let us take a typical case: 

The main standardizing pointers rotate l revolution in 180 seconds, 
with the frequency at exactly 50 cycles per second; | revolution of 
the synchronizing pointer therefore equals 50 x 180 = 9,000 cycles. 
Assuming the frequency lags by half a cycle per second for 30 minutes; 
as there are 50 cycles in one second, the clocks would have an error of 
0-5 in 50, which equals 1 per cent, or 1 per cent of 30 equals 0-3 minute 
slow. Upon detecting this, the charge engineer would slightly increase 
the turbo speed and maintain it over a period corresponding to as 
near as possible the interval lost; the standardizing pointers would 
then again rotate in synchronism. Any errors that occur now are of 
a positive nature, due to overrun of the turbo; the time is, there- 
fore, in a sense, being continually meaned by limits plus and minus. 

Normally, the error is 
gitEADS FROM EXCITER not more than 3 seconds 
either way. 


How the Supply is 
Generated 


The exciter seen on the 
left of Fig. 1 is a D.C. 
dynamo, driven from the 
main generator. Its main 
purpose is to maintain a 
direct current supply to 
the rotor coils of the 


FIG. 6.—CONNEXIONS BETWEEN EXCITER SLIP RINGS alternator. Two ers 
AND MAIN ROTOR OF GENERATOR leads convey the direct 
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current, through carbon 
brushes, to the alternator 
slip rings, from which the 
D.C. is fed to the rotor 
coils situated within the 
alternator housing. 

A D.C. supply to the 
rotor is needed so that the 
rotor poles can present a 
north and south to the 
stator poles at any in- 
stant of time, and so en- 
able a correct sequence ayse; 
of the frequency to take pyscr 3 
place, in a similar man- PHASE 2 
ner to the simple rotor 
explained on page 10, PHASE RISE 3 TIMES PER REV, 


Chapter I. The output IN THE ORDER OF 1,2 8 3. 


of the main generator IG. 7.—SHOWING HOW A THREE-PHASE CURRENT 
IS GENERATED 


y 
3 PHASE MAINS 


being essentially A.C. it 
cannot, of course, excite its own fields, hence the necessity for a 
separate generator specially fitted for this purpose. 

Fig. 6 also shows diagrammatically the connexions from the slip 
rings to the rotor coils, the poles of which present a north and south 
in sequence round the pole extremities. 

The generation of three-phase currents can clearly be understood 
by studying the diagram, Fig. 7. Here the stator coils are so con- 
nected as to form an endless winding covering the whole inner cir- 
cumference of the stator ring. Three tappings, equally spaced at 120° 
form junctions for the three main lines, and are connected to the 
distribution cables, 1, 2 and 3, as shown. 

The rotor, which in this diagram is shown as a plain two-pole field, 
is, in actual practice, a completely wound core, the starting and 
finishing ends of which are connected to a direct current supply 
through the medium of the two slip rings and brushes as shown by 
Fig. 6, and the exciter mentioned above. 

Thus, in the course of one revolution, the rotor brings about three 
complete cyclic changes in the order of A, B and C, in such a manner 
that no two individual phases have the same time sequence, i.e. 
any one phase can only reach its maximum or positive position once 
per revolution, while its opposite or negative phase can never have a 
similar polarity in the same instant of time. In other words, while 
pole A is in a positive position, poles B and C are displaced by a time 
interval of negative polarity. 

With such a three-phase system, only one wire is required per phase, 
since the return path for the currents is shared. 


Cc 


Chapter IV 


TYPES OF ELECTRICALLY DRIVEN 
CLOCKS 


LECTRIC clocks may be divided into three classes: 
1. Those in which the impulse is given directly to the 
pendulum or balance. 
2. Those in which an escapement or pendulum is driven by 
a spring or weight alternately liberated and wound electrically. 
3. Those driven by alternating current synchronous motors. 


These three types could be again sub-divided into: 
Clocks with electrically propelled pendulums. 
Clocks with electrically propelled balance wheels. 
Those used for time transmission (master clocks). 
Remontoire clocks using Ferrari’s induction motors for rewind. 
Battery rewound clocks. 
Mechanisms rewound by synchronous motors. 
Mechanisms in which synchronous motors are used both for 
rewind and synchronizing functions. 
Clocks for special purposes. 
Time switches, etc., etc. 


Bain Electric Clocks 


Perhaps the earliest type was that invented by Bain in 1840. Fig. 1 
shows Bain’s second electric clock. A pendulum bob A consists of a 
bobbin of fine insulated conductor and is hollow in the centre; the 
wires B and B1, which form the starting and finishing ends are in 
metallic connexion with the two suspension springs C and C1, which 
are insulated from one another. 

Two permanent magnets D and Dl are placed a clearance fit at 
either side of the bob, and are of such dimensions that the hollow bob 
in its oscillation can clear the core without touching. 

These magnets have their poles opposing each other as shown, 
that is NN and SS, and are separated in the centre by a short length 
of non-magnetic material, such as brass. This is indicated at E. 

The two springs of the suspension are in connexion with the poles 
of a battery or other electrical source. 

In the electrical path of one pole is interposed a contact maker 
{not shown), worked by the pendulum rod. When the pendulum is 
moved to the right it trips the contact member, thus completing the 
electrical circuit; current then circulates in the winding and in doing 
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so it converts the bob into a temporary magnet with a south pole 
towards the right and the north pole towards the left. 

The south pole is therefore repelled by the south pole of the 
right-hand magnet, and its north pole is attracted by the south pole 
of the left-hand magnet, so that from this arrangement the bob gets 
a double repulsion and attraction, both acting in the same direction. 

Partly from the impulse, and 
partly from its own weight, the 
pendulum describes its left- 
hand oscillation, and when it 
reaches its extreme outward 
position, it again trips the con- 
tact member, thus interrupting 
the battery current; the pen- 
dulum then returns towards 
the right under its own mo- 
mentum, when a fresh impulse 
occurs and the sequence is 
repeated as before. 

So long as the electricity is 
supplied, the pendulum will 
continue to function and the 
current required to maintain 
its arc is exceedingly small. 

This clock was very often 
operated by an earth battery 
(i.e. a plate of zinc and copper 
sunk into the ground and acted 
upon by moisture). 

Although this particular 
clock was not considered effi- FIG. I.—BAIN ELECTRIC CLOCK 
cient by the experts at that 
period, it undoubtedly paved the way for the satisfactory models that 
came later. 

It was thought that in the Bain clock the electro-motive force 
predominated (i.e. swing not constant due to voltage variation) and 
prevented very accurate functioning as a timekeeper. This was prob- 
ably true, and led to the famous Hipp pendulum, Fig. 2. 


Bain’s Earliest Electric Pendulum 


In Bain’s original design (Fig. 1a), the permanent magnet system was 
carried by the pendulum and therefore formed a major part of the 
pendulum “bob”. This magnet system was arranged to thread the 
internal cores of two fixed open-ended coils placed one on each side 
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of the pendulum. A is the pendulum rod, usually suspended on knife- 
edge bearings. B and Bl are two permanent magnets with N poles 
facing left and S poles facing right. Two iron bars seen above and 
below the magnets are used to “yoke” the elements together and to 
further stimulate the general working forces acting on the pendulum 
by themselves becoming 

magnetized, partly by re- 

action with the working 

E F D coils and partly by leakage 

cm flux dissipated by the already 

EV pr x EI polarized magnet elements. 
oo © C and Cl indicate the two 

fixed working coils; these 
are so connected electrically 
that like poles are presented 
at both ends of the magnet 
system. When contact is 
established the magnet sys- 
tem (and with it the pen- 
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dulum) is attracted by the 
DABI unlike poles and repelled by 
attraction and repulsion act- 
ing in the same direction in 
the same interval of time 
similar to that already de- 
scribed for Bain No. 2. 
The contact switch em- 


| the like poles. Thus an im- 
rae | a) 
aa) 
EENAA] 
aE | aes | 
| | 
fe Coo ployed with Bain systems 


pulse is imparted by both 
nm 0 was of ingenious design and 


mi Cl consisted of a silver sliding 

V member containing a stirrup 

FIG. IA.—BAIN’S NO. I PENDULUM AND shaped centre as shown at D. 
CONTACT SWITCH The two arms formed on this 


member were arranged to 
work in suitable grooves cut on the upper surface of two blocks, E and 
El. These blocks were composed of combined gold and agate, the 
former being shaded on the drawing to distinguish them from the latter. 
When the pendulum moves to the right and has reached a position 
well past the centre line, a pin F, carried by the rod, displaces the 
contact member from agate to gold (by colliding with the right hand 
arm of the stirrup), thus completing the electrical circuit. Contact 
now being established, active impulse is imparted until the pin F 
pushes the stirrup to its original insulated off-contact position. 
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The Hipp Pendulum Clock 


Referring to the diagram, Fig. 2, a pendulum F has attached to 
its lower end an iron armature G, so arranged as to swing over an 
iron-cored electro-magnet Gl. A certain distance from the top of the 
pendulum rod hangs a freely pivoted nib H which normally takes up a 
position a little to the right of a small notched fibre cam J. 

This cam is mounted on a contact spring 7 containing the contacts 
K and K1, the whole being in- 
sulated from the clock mechan- 
ism by an insulated block L. 
From the electro-magnet wind- 
ing, wires are taken via the 
contact-maker to a battery in 
the usual manner. 

On giving the pendulum an 
initial swing, sufficient to carry 
the trailing nib H well over the 
fibre cam J, no depression of 
the contacts takes place, and 
the pendulum swings by its 
own momentum for an appre- 
ciable time, the nib H idly 
trailing over the fibre cam J. 

When the arc of oscillation 
has fallen off to a definite value, 
due to air friction, the trailing 
nib H can no longer ride 
completely over the fibre cam, 
but only reaches and falls into 
the notch M. 

On the return swing, there- an 
fore, the nib depresses the fibre = 
cam J and closes the contacts K 
and #1, thus completing the 
electrical circuit at the moment 
when the armature G is ap- 
proaching the core of electro- FIG. 2.—HIPP PENDULUM CLOCK 
magnet Gl. 

Impulse is then given to the pendulum, the arc of which again 
increases, the trailing nib once more clears the fibre which continues 
until amplitude again falls, when the sequence is repeated. 

Apart from the moment of impulse the pendulum swings 
practically unimpeded. Impulse only takes place after a certain 
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FIG. 3.——-HIPP DIAL MECHANISM 


COUNTER 
WEIGHT 


s GEARS 


number of vibrations (probably 
thirty seconds), unlike the Bain 
which received an impulse at 
every complete vibration. 

Although this clock was 
a definite improvement, the 
shock given to the pendulum 
at the impulse was consider- 
able. Better results were at- 
tained by the utilization of 
the Bain polarized core and 
solenoid bob, the Hipp trailing 
nib functioning as before, a 
much more gentle impulse 
being imparted due to the 
square law action of the bob 
over the magnet. 

The timekeeping qualities 
of this system were good, 
especially if the pendulum was 
correctly designed with the 
correct weight of bob. The 
method of summating the pen- 
dulum vibrations to the hands 


was generally by a ratchet and pawl mechanism, one tooth of which was 
pushed forward at each alternate vibration, a common counting train 


60 hs : 
of = (in the case of a seconds pendulum) giving the necessary ratio 


between the ratchet wheel and 
the minute spindle. This is 
shown diagrammatically in 
Fig. 3. 


The Eureka Balance Wheel 
Clock 


The next piece of mechanism 
is of great interest, namely the 
“Eureka” clock invented by 
E. B. Power of New York after 
years of experimental work. 
This clock sold in large num- 
bers at the time of manufacture. 

Referring to the drawing, 
Fig. 4, a large compensating 
balance Al contains across its 


FIG. 4.—-EUREKA ELECTRIC CLOCK 
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axis an energizing coil B, the 
core of which projects through 
the rim at both extremities, thus 
matching up with the poise 
screws fitted to the rim. Two soft 
iron plates (not shown) are fitted 
on either side of this coil to 
decrease the magnetic reluct- 
ance, and also to act as an 
anchorage for the main axis 
shafts. 

The inner end of the coil 
winding is connected to the 
frame of the clock, while the 
outer end is in connexion with 
the contact pin C, Fig. 5, this pin 
and also the wire connected to it 
being insulated from the shaft, 
the complete unit being supported on ball bearings running in an oil 
bath as in Fig. 6. 

Fixed to the base of the clock and in close proximity to the external 
circumference of the balance is a soft iron plate E containing in its 
centre a co-axial arc F so arranged that the core of coil B just clears 
the arc without touching during its period of oscillation. Rigidly 
anchored, but insulated from the base is a light spring contact G tipped 
with silver-gold alloy and so displaced as to establish contact well 
before the balance has reached its centre line. 

When at rest, the pole piece of the energizing coil is in the position 
of minimum magnetic pull in relation to the plate E; while the contact 
pin is not quite touching the under side of spring G (Fig. 5). 

From the contact spring, a wire is taken to the positive pole of a 
battery (generally consisting of a single 1-5-volt cell), while the negative 
pole is connected to the frame. 

The circuit is, therefore, from the plus pole of the battery through 
the contacts, after which it circulates in the working coil, finally 
returning through the frame to the minus pole of the cell. 

Now let us carefully consider the action of this clock. The slightest 
touch on the balance is sufficient to 
complete the electrical circuit; on con- 
tact being established the core of B is 
pulled by its mutual attraction, gently 
forwards against the control spring A2 
until the contact pin C is clear of con- 
tact spring G. The electrical circuit at 
FIG. 6,—MAIN BEARING (EUREKA) ~ this point is, of course, interrupted. 


FIG. 5.—ELECTRO-MAGNET AND CONTACT 
SYSTEM (EUREKA) 
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The balance, now being free, 
reverses its motion due to the 
energy stored in the spring, and 
the pin C again meets with the 
spring contact G, but at its upper 
extremity. (In the earliest form, 
contacting was in one direction 
only, the spring having both an 
insulated and a conductive sur- 
face.) 

Effective contact is short at 
normal arcs due to the high 
rate the balance travels, and 
high coil inductance. A falling 
off in battery E.M.F. results 
in a more prolonged contact 
period. To a certain extent, 
therefore, battery fluctuation is 
compensated for. 

Once started, the balance soon 
increases its amplitude until 75 
per cent of a revolution is at- 
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FIG. 7.—-REDUCTION GEARS (EUREKA) 


tained, with an electro-motive force of only 1-5 volts. 


The necessity for an exceedingly 


FIG. 8.—REASON ELECTRIC CLOCK 


heavy balance was discovered 
quite early in the clock’s develop- 
ment. By utilizing a very low 
terminal voltage and a fairly 
high D.C. resistance, the circu- 
lating current in the winding is 
very small; it will be obvious, 
therefore, that predominance of 
the E.M.F. over such a heavy 
moving element would be mini- 
mized to a negligible amount. 
The effect of temperature on 
such a large mass, would, in 
ordinary circumstances be con- 
siderable, hence the necessity for 
accurate compensation. The 
period of oscillation was half 


seconds, transmission to the 
counting train taking place at 
each period ofi the balance 


through the medium of an 
eccentric and a small roller, the 
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latter of which is pivoted to the 
ratchet pawl member and is 
lifted at every complete vibra- 
tion, and at every reversal of the 
eccentric; this is clearly indicated 
in Fig. 7. 


The Reason Balance Wheel 
System 


The next mechanism to be 
described was invented by 
S. W. Murday of the Reason 
Manufacturing Company. The 
arrangement is fundamentally 
a combination of the balance 
wheel and the Hipp trailing nib 
contact maker. 


FIG. Q.— REASON BALANCE WITH 
ELECTRO-MAGNET 


The balance consists of a huge steel rim, fitted with the usual 
poise screws round the circumference. The central hub is attached 
to the rim by rod-shaped spokes, the whole being pivoted on a staff 
of abnormal length and mounted on ball-bearings. The balance 
is in a horizontal plane in relation to the clock base, with its vertical 
staff supported by a suitable bearing attached to the movement at the 
upper extremity and the base of the clock at the bottom bearing. This 
is clearly indicated in Fig. 8, which is a general lay-out of the clock. 
Freely pivoted to one arm of the balance A2, Fig. 9, is the usual trailing 
nib B2 working co-axially with the fibre block C3. 

A soft iron armature D3 is also carried by the balance and is 
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FIG. IO.— FURTHER DETAILS OF 
REASON BALANCE 


REMOVABLE 


arranged to pass in close prox- 
imity to the poles of an electro- 
magnet during a certain period 
of its arc. This is shown at £3. 

The windings of the working 
coils are in series with the con- 
tact-maker and battery in the 
usual manner, and the oper- 
ation of this system is very 
similar to the Hipp pendulum 
already described. 

On impulse being given, the 
momentum of the balance, 
due to its weight, is sufficient 
to carry the trailing nib well 
over the fibre block for a 
certain number of oscillations, 
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depending upon the strength of the initial magnetic impulse. As the 
arc falls off, the distance between the active end of the nib and the 
fibre block becomes less and less until a point is reached where the nib 
and cam are coincident. At this moment the nib falls into the notch, 
and on the return swing due to the energy stored in the spring F3, the 
contacts are depressed and the electrical circuit is established at the 
moment when the iron armature is in a position of minimum magnetic 
pull in relation to the poles of 
the electro-magnets. Some 


| further details are indicated 
G pe in Fig. 10. 

The impulse is then given 
to the balance, which again 
A ~E increases its arc, the nib idly 
trailing over the block until 

the sequence is repeated. 
SE The period of oscillation 
was seconds, the counting 
BATTERY train being operated by a 
ratchet and pawl arrange- 
A ment very similar to the 

H “Eureka”. 

5 aS I: This clock, also like the 
“Eureka”, was of a very at- 
HAUNT ] TTT tractive appearance and was 
HAA —_| | generally fitted with a glass 
| a! cover through which its huge 
C C7 balance and glittering screws 
FIG. II.—CLOCK WITH A SUSPENDED BALANCE could be viewed in its con- 


tinuous oscillation. 


The Reid Electric Clock 


Here is a clock in which the balance wheel is suspended by means of a 
torsion strip, Fig. 11. A permanent magnet B is fixed under the balance 
A, and is arranged to oscillate between the poles of two electro-magnets 
C and Cl, which are connected in series with each other, and with a 
battery or other source of supply. 

The two electro-magnets are, of course, wound to present a north 
and south pole at the core extremities at the moment they become 
energized. A pawl Æ, carried by the strip, propels one tooth of a 
ratchet wheel F forward at each complete vibration of the balance, 
thus driving the hands through a suitable train of wheels (not shown). 

Coinciding with this. action, the spring contact maker G is also 
closed as each tooth, in passing, depresses it, completing the circuit 
through the contacts G and G1, at the same moment that the magnet 
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armature is in close proximity to the poles of the electro-magnets. The 
necessary impulse to the balance is, therefore, imparted once every 
complete vibration, which is sufficient to maintain amplitude with 
very little expenditure of electrical energy. 


Wise Dual-purpose Electric Clock 


The clock described below was designed 


(1) To work satisfactorily as a battery clock, in the event of there 
being no available A.C. mains. 


SECONDARY 2 VOLTS 


© © 


PRIMARY 230 VOLTS 
FIG. I12.— BALANCE WHEEL ARRANGED FOR A.C. OPERATION 


(2) To be equally suitable for use when connected to the A.C. 
mains. In the latter case a small bell transformer is used to 
reduce the mains 230 volts to the fractional potential required 
to work the clock. 


The clock consists essentially of a large balance marked A on the 
drawing, Fig. 12, the period of oscillation of which is half seconds, 
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amplitude being maintained by the electro-magnets C and D, and the 
control spring B. The electro-magnets have laminated cores and side 
plates to decrease reluctance and to make the magnetic circuit as 
efficient as possible, as well as reduce the eddy current loss, when the 
system is used on alternating current. 

The coil C is fixed rigidly to the balance staff J, while the coil D 
is a fixture to the clock frame, their pole extremities being co-axial to 
one another. The mutual magnetic attraction between the poles creates 
the necessary working forces to operate the clock when energized at 
the correct moment by means of a suitable contact device. 

The contact maker is situated 
in a vertical position, in line 
with the balance staff (it is not 
shown in this position in the 
drawing), and consists of an 
insulated block K containing 
the contact bracket 7 with 
fixed screw E, pivoted arm F 
and contact spring £1. On the 
balance staff is mounted a 
steel projection G on an in- 
sulated bush H, the whole 
being so arranged that the 
balance has a free swing from 
left to right, making no contact 
but deflecting the arm F freely 

FIG. 13.—DUAL-PURPOSE ELECTRIC cLock On its pivot. On the return 
swing, however, the reversed 
order takes place and the pin G meeting the extension of the arm F 
carries it over with it and closes the contacts £ and Æl for a certain 
period of time depending upon the pole circumferential distance and 
the position of maximum flux. This period can be adjusted by alter- 
ation of the screw E. The balance thus gets an impulse every complete 
vibration, the correct adjustment being when the contact is made 
1 /16th of an inch before the pole pieces meet and breaking | /32nd of an 
inch before mid-pole position; the effective impulse is therefore 20 
degrees of its arc. 

With the closure of the electrical circuit, current is transmitted from 
the 2-volt secondary of a bell transformer (or a dry cell as the case 
may be), through the contacts and the control spring (which is insulated 
from the staff) to the coils C and D and finally back to the transformer 
or battery. 

The motion of the balance is transmitted to the counter train by 
means of an eccentric L, Fig. 13, and arm M, the pawl NV progressing 
one tooth of a ratchet wheel forward at each complete vibration. 
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The train is an extremely simple one, containing as it does only 
three wheels, the ratchet wheel with 60 teeth, the two remaining 
wheels making up the 60/1 reduction for the arbor. 

The clock works well on an E.M.F. of 1-5 volts D.C. or 2 volts A.C. 
The circulating currents are approximately 0-025 amp, which equals 
0-025 x 1-5 volts (0-0375 watt) per impulse, or 1-5 watt seconds per 
minute. This is ample to maintain a healthy arc to the balance, 


which is approximately 75 per 
cent of a revolution. 

It may be mentioned that the 
balance staff of brass has two 
1/32 inch steel balls forming the 
pivotal support. This type of 
suspension is imperative with 
such a large moving element 
and has proved very successful 
when used in connexion with 
integrating watt-hour meters, 
supporting a heavy rotating 
element and giving years of ser- 
vice without attention (Fig. 14). 

The small transformer shown 
connected in Fig. 12, could 
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FIG. 14.—BALANCE-PIVOTED SUPPORT 
(DUAL-PURPOSE CLOCK) 


conveniently be installed for 

the usual bell operation, branching the clock off the same circuit, in 
which case no high pressure current enters the clock circuit windings 
and therefore there is no element of danger from shocks to a person 
handling the mechanism while under current. 

It may appear at first sight that the clock is rather complicated. 
Such, however, is not the case, since owing to the slow period of 
vibration the number of gears required is very small, while the work- 
ing coils are of comparatively low resistance and therefore easy to 
wind. Further, the operating members are of an extremely simple 
nature. 

A pendulum movement of a similar kind could be constructed, the 
object of the balance being to make the clock portable. 


Pendulum Action Analysed 


Before describing the next two systems, a few remarks concerning 
the fundamentals of a simple pendulum will not be out of place. 

The drawing, Fig. 15, shows the simple pendulum; fundamentally, 
as every student knows, the periodic time of its swing is proportioned 
Periodic time 

/ Length 
from which it follows that the velocity of the bob at different points 


to the square root of its length, i.e. 
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of its arc in one vibration follows, to all intents and purposes, a simple 
square law. 

Referring to the diagram, Fig. 15, and assuming the pendulum 
to be in motion, the arc covered in one complete vibration could be 
briefly analysed as follows: 

Starting from rest, the bob gains in velocity and speed practically 
as a square of the distance until the centre or zero line is reached: 
at this point the bob is travelling 
at its maximum velocity, after which 
\ the motion falls off in inverse pro- 
\\ portion until the extreme limits of 


jI \\ the arc are reached, when, due to 

j! \\ the inertia of the mass plus air 

f \\ : friction, the bob is brought to rest, 
/ ; \\ and reversal of the sequence takes 
jI \\ place. 

# \\ It is obvious from the above de- 
al ao scription that the ideal position 
ae eh. for the impulse to be given to any 

aed VA pendulum is at the centre or zero 
oh. / \ > line. Horological experts for years 
VA is Jot] a endeavoured to attain this ideal 
WW -MOMENT OF || MOMENT ~ann with ordinary escapements without 
EPA y SA success. The two systems now to 
f Ñ be described both have the working 
a A E impulse imparted to the pendulum 
at the moment of passing the zero 

FIG, I15.— PRINCIPLE OF A SIMPLE line.1 


PENDULUM 


The Synchronome Time Transmitter 


Fig. 16 illustrates the famous ‘‘Synchronome” system of time- 
transmission. A seconds pendulum 4 has attached at its upper end 
an impulse pallet B; an extremely light arm C containing a jewelled 
gathering pin at its end is arranged to pass over a fifteen-toothed 
wheel D; to the arbor of this wheel is attached a light vane E. 

Freely pivoted in suitable bearings is a gravity arm F containing 
the roller G; the lower right-angle limb of this gravity arm has fitted 
the contact H: normally the arm is held up by the catch Ja co-acting 
with the pin Js. 


1 Expressed mathematically, the law of the simple pendulum is: 


t= 2m 4/— 


where /=length of pendulum in inches 
t= time in seconds of one oscillation, 
g=32:097 ft. per sec. per sec. or 385-163 in. per sec. per sec. 
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Fitted to the base of the clock is an electro-magnet 7 containing 
a pivoted iron armature K, at the upper end of which is fitted the 
platinum contact screw L; this screw is normally separated from the 
contact H by the up position of gravity arm F and against the pull of 
the spring M, the distance being governed by the stop WV. 

A light glass roller is arranged to rest lightly in the teeth of D to 
prevent backward rota- 
tion during the sequence 
of gathering the teeth and 
rotating the wheel. 


Operation of 
Synchronome System 


On giving the pendu- 
lum an initial swing, arm 
C gathers one tooth of the 
wheel D at each complete 
vibration of the pendu- 
lum: on completion of 
one revolution of the 
wheel, or thirty vibrations 
of the pendulum, the 
vane E deflects the catch 
Ia, thereby clearing the 
pin JB. 

The gravity arm F 
now being free falls by its 
own weight on to the 
dead face of the pallet B, 
the pendulum continues 
its travel until a fraction 
before the zero line is 
reached, when the roller 
G rides down the curved 
profile of the pallet, thus imparting a gentle impulse to the pendulum 
when travelling at its maximum velocity, i.e. at the centre line. 

The gravity arm continues its descent until the roller has reached 
the extremity of the impulse curve, when the contacts H and L 
meet. At this moment, the electro-magnets J become energized, 
due to the closure of the electrical circuit, and the armature K in its 
attraction throws the gravity arm upwards through the medium of 
the contacts; the progress of the armature, however, is suddenly 
arrested by the stop O. At this moment, the contacts are instan- 
taneously broken, due to the further travel upwards of the gravity 
arm owing to its momentum, and the catch JA again coacts with the 


FIG. 16.—THE SYNCHRONOME TIME TRANSMITTER 
SYSTEM i 
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pin, thus retaining the arm in its upward position. It will be noticed 
that the working forces imparted to the pendulum are absolutely 
constant, and quite independent of the battery. 

The pendulum swings practically free unimpeded by any mechanical 
friction; the negligible amount of work expended in rotating the 
fifteen-toothed wheel to release the gravity arm takes place when the 
pendulum is travelling at its highest velocity, in the centre; variation 
in the E.M.F. has no effect upon the clock, since all that is asked of 
the battery is to lift the gravity arm on to its stop. 

When the inductance of a circuit is increased, as would happen 
when a number of secondary dials are introduced into a master clock 
circuit, the period of contact must also be increased to compensate for 
the greater lag of the magnetizing curve. 


‘O01 “02 03 *04 *05 ‘06 *07 "08 ‘09 
SECONOS 
FIG. I7.—OSCILLOGRAPH SHOWING CURRENT TIME OPERATION OF ELECTRO-MAGNET 
IN THE SYNCHRONOME TIME TRANSMITTER 


It is also known by the simple law of induction that the total 
electro-motive force acting round a circuit at any instant is measured 
by the rate of decrease of the number of magnetic lines which pass 
through it, hence: 

N2—NI. : : 
————— is the E.M.F. of induction, 


but Pema F au is the number of lines added to the circuit in a unit of 
time from which it is fairly obvious that a clock with a fixed short 
period of contact may function correctly with one or two secondary 
dials, but fails hopelessly when a large number are connected. This 
is due, of course, to the increased inductance of the secondary cores 
and the extra time required in the contact period for the magnetizing 
curve to reach its working flux density. 

Reverting to Fig. 16, the electro-magnet operating the gravity arm 
is arranged to function at 0-25 ampere, and the dials at 0-22 ampere, 
it is therefore impossible for these dials not to work, provided there is 
sufficient E.M.F. to lift the gravity arm. 

Such a switch becomes almost a living thing and is self compensating, 
since, being in series with the dials, it follows that if the magnetic time 
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constant increases, the master electro-magnet will do likewise, thus 
prolonging the period to suit, no matter whether the number of 
secondary clocks is only one or a hundred. 

The oscillograph (Fig. 17) shows the operating current to be 0-25 
ampere, and it takes 4/100ths of a second to reach this value. 

Apart from the large installations of these clocks in public buildings, 
works, etc., the system is extensively used for precision sequence 
operation in large electrical generation stations, in connexion with 
the important metering equipment of the Central Electricity Board, 


FIG. 18.—LAY-OUT OF SHORTT FREE PENDULUM AND SLAVE CLOCK 


where thousands of pounds in revenue per month are involved, and 
where accurate time-keeping is an absolute necessity. 

Frequency control is another application for these instruments as 
described in Chapter III. 


The Shortt Free Pendulum and Slave Clock 


The above diagram illustrates the essential principles of a free 
pendulum time standard invented by W. H. Shortt in association with 
the Synchronome Co. 

A slave pendulum A, Fig. 18, operates the count wheel B, thus 
tripping a retention detent D, through the medium of the vane C 
once every thirty seconds in a similar manner to that already explained 
for a standard Synchronome model. 

At the moment the gravity arm E is released, the roller F. imparts 

D 
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its impulse to the pendulum in the usual manner. As the contacts G 
and Gl meet, the electro-magnet J becomes energized, attracting the 
armature H, which action also resets gravity arm on to its retaining 
detent. 

Identical with this action, the coil 7 of the free pendulum also 
becomes energized, thus releasing the gravity arm L by attracting an 
armature attached to a 
suitable extension on the 
retention detent K, there- 
by imparting the necess- 
ary impulse to the free 
pendulum. 

Immediately the con- 
tacts M and M1 meet, 
the electro-magnet P and 
a synchonizing electro- 
magnet R become active, 
resetting the gravity arm 
in addition to attracting 
a synchronizing spring S, 
the end of which is ar- 
ranged to lightly touch 
the spring T, carried by 
the slave pendulum 4A. 
Should the slave pendu- 
lum be slow by only 
1/100th part of a second 
its rate by this means is 
accelerated into synchronism with that of the master which does no 
work other than swing freely in its copper cylinder. 

The time rate of this particular apparatus is actually less than 
1/100th of a second per day. 

This apparatus was designed by the Synchronome Co. to meet the 
requirements of the Greenwich Observatory for precision time stand- 
ards. To reduce the barometric error and air resistance to the swing 
of the free pendulum the latter is housed in a copper cylinder in 
which the barometric pressure is reduced to two or three inches of 
mercury. 

The time is generally taken from two impulse slave dials, one only 
of which is shown in Fig. 18. 


FIG. 19.—THE PUL-SYN-ETIC SYSTEM 


The Pul-syn-etic Time Transmitter 


Another electric clock is the well-known Pul-syn-etic, whose 
system also contains a pendulum of seconds length. In Fig. 19, it will 
be seen that the arrangement consists of a pendulum crutch A, which 
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carries the inverted gathering arm B; this arm is kept up to the teeth 
of a fifteen-toothed wheel C by the counterweight B1; one particular 
tooth, C2, of the wheel is cut deeper at the root than the remainder. 

A freely pivoted gravity arm D has fitted at a certain radius from 
its axis the roller E, while the angular extension D1 contains the 
stop F in line with screw, Fl. A soft iron armature G, having an 
inclined extension, has fitted to its lower extremity the contact H 
in line with an adjustable contact screw H1; the armature is pivoted 
and is normally held against the stop J by the spring 7. 

Fixed to the frame of the clock are the electro-magnets K, the poles 
of which are in close proximity to the above-mentioned armature G. 
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FIG. 20.—OSCILLOGRAPH OF CONTACT PERIOD PUL-SYN-ETIC SYSTEM 


Integral with the pendulum crutch is the impulse pallet L con- 
taining an active profile in the form of an inclined plane. A stirrup- 
shaped catch M is suspended from a bracket anchored to the clock- 
frame, and is arranged to coact with the retention pin NV, thus sup- 
porting the arm in its upward position; this also has the effect of 
limiting the distance between the contacts H and H1. 

The circuit of the clock is a simple series one i.e. that from the 
positive pole of battery, through all the secondary dials back to the 
working coils to the gravity arm and finally via the contacts to the 
armature and the negative pole of the battery. 

To put the apparatus into effect, the pendulum in its oscillation 
pushes forward one tooth of the fifteen-toothed wheel at each complete 
vibration; at the same time the extension of the progression arm B 
normally clears the stirrup on catch M during the movement of the 
pendulum towards the right. 

When the deep tooth of the wheel coincides with the active nose 
of the progression member, the arm is carried deeper towards the 
axis of the wheel due to the extra weight of the tail B1; the right-hand 
extension, meantime, has altered its position slightly upwards and 
out of line with the stirrup on catch M. 

On this swing, and when the pendulum has travelled sufficiently 
far towards the right, the catch is pushed forwards by the right-hand 
extension of the arm, until the retention pin N is clear. 

At the moment of this happening, the gravity arm falls by its own 
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weight, and the roller E rides on the dead face of the pallet until the 
centre is reached, when the roller rides down the inclined surface, thus 
imparting a gentle impulse to the pendulum. 

Identical with this action, the contacts H and H1 meet, establishing 
the electrical circuit. Immediately this happens, the electro-magnets 
become energized and the armature G is instantly attracted, throwing 
upwards the gravity arm, partly through the medium of the contacts, 
and partly by its own momentum. It will be seen that the stops F 
and F1 fulfil a dual purpose: (1) they limit the period that the con- 
tacts are closed, and (2) they ensure a snappy cut off at the break— 
a very essential feature. 

This is brought about by the relative axis and radius positions of 
the armature and gravity arm extensions, thus bringing about a 
change in angularity whereby 
the distance between these 
members is increased at the 
bottom extremity and narrows 
considerably in the region of 
the two stops. The stops then 
meet and an instant separation 
of the contacts takes place, the 
arm continues the remainder 
of its travel by its own momen- 
tum and is retained by the 
coacting catch in the manner 
already explained. 

The oscillograph, Fig. 20, 
shows the current setting figure to be 0:22 ampere while the operating 
value is only 0-18 ampere for 1/20th second every half-minute. 

The pendulum of the system is fully compensated for temperature, 
the rod being composed of a non-expanding alloy known as Si-ne-var; 
the linear expansion practically approaches zero (actually 0-0000008 
per degree centigrade). 

This system, like the Synchronome already described, is capable of a 
close time rate, half a second per day plus or minus being quite possible 
with careful regulation. 


FIG. 21.—-THE BULLE ELECTRO-MAGNET 
SYSTEM 


The Bulle Domestic Electric Clock 


The Bulle domestic battery-operated clock employs a special cobalt 
steel, containing a high magnetic flux density for the magnet system, 
combined with the operating coil. The combination is arranged to 
function with a make-and-break of a special type. By these means 
not only are the circulating currents reduced to a minimum, but the 
general all-round efficiency is increased in no small measure. Indeed, 
the discharge from the battery is so small that it is actually little more 
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than the dissipation losses which occur when the cell is stored in the 
ordinary way, under open circulated conditions. 

A drawing of the magnetic system is shown in Fig. 21, from which 
it will be seen that the polarized field consists of an arrangement 
known as consequent-poles, i.e. north in the centre, while the ends 
are south as indicated at A. In very early models the magnet system 
was composed of two com- 
plete magnets, with their 
like poles opposing each 
other in the centre. 

Attached to a pendulum = cowrzacr PIN NZ 


rod, and arranged to swing 
over the magnet system, CONTACT LEVER N 
without touching, is a hollow 
coil B, which also forms 
the pendulum bob. When 
stationary, the coil winding 

. e.i: . . PROGRESSION 
is equidistant in relation to RATCHET 
the centre polarity of the 

magnets, as shown. CENTRE WHEEL 

One end of the coil wind- 


INSULATED 
ing is connected through the OPERATING WORM P ei re 
coil frame to the pendulum ‘ 
rod, while the other end is “47°%7 WHEEL 
in metallic connexion with 

LEAD IN 


the silver contact pin 
through the insulated stem 
shown on Fig. 22. A forked MAGNETIC. SYSTEM 
pivoted lever D, Fig. 23, 
contains two insets on its 
arched profiie; one is con- 
ductive, and composed of PENDULUM 608 
silver (this is shown at £), 
while the other is non- parve NuT 
conducting, and is therefore 
composed of insulating 
material, as at El. 
The lever is carried backwards and forwards by the movements 
of the pendulum, through the medium of the silver pin C, and the 
action is very similar to the impulse pin and lever fork in a watch. 
When the pendulum moves towards the left, the silver pin comes 
into metallic contact with the conducting side of the fork, thus estab- 
lishing the electrical circuit. The energizing coil, thereupon, becomes 
a temporary magnet with a north pole at its right and a south pole 
at its left. 


A COIL 


FIG. 22.—MAIN PARTS OF A BULLE ELECTRIC 
CLOCK 
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The poles being S.S.N.N., the pendulum is attracted by its unlike 
poles and repelled by its like poles. The system, therefore, has an 
action that may be described as attraction and repulsion, both acting 
in the same direction, and at the same time. 

When the pendulum has moved sufficiently far towards the right 
to clear the contact segment, and has reached its centre line, the 
impulse pin meets the insulated segment, thus tripping the lever towards 
the right, and at the same time breaking the electrical circuit. 

Identical with this action, the pawl F (which is operated by move- 
ments of this lever) pushes forward one tooth of the ratchet wheel G, 
thus progressing the hands for- 
ward by a proportional amount. 

Due to the impulse and the 
momentum of the pendulum, the 
pin rides up the non-conducting 
side of the contact lever until 
reversal of the bob takes place. 
When this happens the pin crosses 
the centre line once more and 
meets the conducting side, at the 
same time tripping the lever back 
to its original position, when 
electrical contact is again estab- 
lished and the sequence repeated 
as before. 

By this arrangement the actual 
j contact takes place at a position 

IG. 23.— CONTACT MAKER AND PROPELLED è 
WHEEL (BULLE) of average flux (i.e. square and 
inverse square) in relation to the 
magnet, and breaks its electrical circuit at a point of almost zero 
flux, i.e. at a position of neutral polarity. Absolutely sparkless 
operation of the contacts at the instant of break results. 

The arbor that carries the contact fork also works the progression 
pawl member to operate the ratchet wheel, which in turn drives the 
hands. This is shown at Fig. 23. The arrangement consists of a 
ratchet toothed crown wheel, one tooth of which is pushed forward at 
each complete vibration of the pendulum. A single start worm is 
attached to the arbor of this wheel, and meshes with a single central 
gear the shaft of which carries thẹ motion wheels and hands in the 
usual manner. 


Efficiency of the Bulle System 


Such a system as described is practically self-starting, since the 
contact pin normally rests midway between the conducting and non- 
conducting insets of the contact lever. It follows, therefore, that the 
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slightest touch given to the pendulum is sufficient to complete the 
electrical circuit, the bob of which very soon reaches its normal 
working amplitude. 

With the feeble circulating currents in the working coil, predomin- 
ance of the E.M.F. is practically non-existent. To compensate for 
any small increase in amplitude, a small spring is carried by the upper 
end of the pendulum rod, and is so arranged that isochronism is 
attained should the arc increase beyond a certain limit. 

The small cell used to operate the clock has an E.M.F. of only 1-5 
volts, and is of comparatively small capacity: in spite of this, cases are 
on record where from 2 to 3 years 
of actual working life have passed 
before renewal. 

Although this system requires 
a prolonged contact period, ex- 
tending over two-thirds of its im- 
pulsing arc, the actual current 
consumed is exceedingly small, 
due to a rapidly increasing re- 
active E.M.F. which retards the 
current flow. 

The resistance of the working 
coil being approximately 1,500 
ohms, the actual working power PA 
required is about | milliwatt for pine oat 
a period of approximately 1/12 
second per working impulse. 

So efficient is this system that 
the pendulum’s oscillations have 
been maintained by the extremely 
feeble currents created by a 
thermo-couple, i.e. two lengths of 
No. 15 S.W.G. wire of dissimilar 
metals such as Eureka and copper, 
brazed or welded at one junction, 
and heated by a Bunsen or other 
source of heat. Although this ex- 
periment may not appear to have 
any material value from the point 
of view of the domestic clock, it 
certainly brings to light the extra- 
ordinary efficiency of this system. 

More modern designs of this 
clock Coram knife-edge SPPE FIG. 24.—PRINCIPLE OF THE INDUCTA 
sion to its pendulum thus allowing SYSTEM 
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so much greater latitude in levelling that the clock can be tilted 
several degrees without stoppage. 

The system now to be described is a complete departure from those 
already dealt with, and is operated without batteries or contacts, 
on the closed circuit principle. The master consists essentially of two 
main components—the clock movement and the ‘“‘Inducta’’. These 
are shown in Fig. 24. The ‘‘Inducta” was invented by Martin Fischer 
of Switzerland. 


FIG. 25.—THE INDUCTA UNIT (ON RIGHT) AND TWO SECONDARY CLOCKS IN CIRCUIT 


The Inducta System 


The “Inducta” consists, briefly, of a heavily polarized field, A, 
Fig. 25, containing within its poles a wound stator B. This stator is 
composed of special laminations to decrease the eddy-currents induced 
in the mass at the moments of maximum induction. 

Pivoted within the arched gap C, is an armature D, the normal 
position of which is at an angle of minimum flux, as in Fig. 25; at one 
end of the axis shaft is mounted a rocking member Æ, to the end of 
which is pivoted a connecting link F. This link is pivoted at its other 
end to a crank G, which is driven by the clock mechanism at intervals 
of one minute. 

The clock movement is of the precision type, amplitude to the 
pendulum being maintained by a dead beat escapement. The 
primary motive force for the maintenance of amplitude, and also the 
impulsing functions is brought about by a weight, as in Fig. 24, which 
is kept rewound by a small induction motor (not shown), at intervals 
of approximately four hours. 


TYPES OF ELECTRICALLY DRIVEN CLOCKS 57 


Connexions ate taken from the two ends of the “Inducta” winding, 
to the secondary or copying clocks in one closed simple series 
circuit. 

To grasp fully the sequence of operation, it will be necessary to 
examine carefully the diagram, Fig. 26, illustrating the clock 
mechanism. 

The weight exerts a torque on the wheel H, which through the 
medium of the intermediate gears, J, J and K, the pin wheel L, and 
the escapement M is kept in motion through the spring N, while the 
wheels O, P and Q exert a torque on the spring R which, in turn, is 
associated with the trip vane S. 

Rigidly attached to the front end of the trip vane arbor is a crank, 
connected through a .con- 
necting link to the armature 
rocking member, as already 
described. A pivoted locking 
pawl T has attached the 
lifting pallet U, the nose of 
which normally rests be- 
tween the pins on wheel L. 
This wheel has a ratio of $ 
with the ’scape wheel pinion, 
thus enabling one pin to 
come into operation every 
sixty seconds, while the 
*scape wheel makes one 
revolution per minute. 

The spring storage R be- CET ON ae BS A, 
comes wound over a period FIG. 26.—GEARING OF THE INDUCTA SYSTEM 
corresponding to the inter- 
val between the pins, and exerts a torque on the trip vane S, which, 
however; is normally prevented from rotation by the upper position of 
the arm U and the locking pawl T. 

At sixty-second intervals the pin on wheel L lifts the arm U; at the 
same instant the trip vane S is released by the curved profile of locking 
pawl T and performs half a revolution, thus tripping the ‘“Inducta”’ 
armature through its maximum flux positions, and inducing an 
E.M.F. in the coil; the secondary clocks proceed forward one minute. 

At the next sequence to be performed, the order is reversed. The 
arm falls by its own weight, and the retained tip of the vane S is again 
released and covers another half revolution, once more tripping the 
armature past its maximum flux positions, but in the opposite direc- 
tion regarding polarity, therefore the hands of the secondary dials 
progress forward another minute, thus completing the sequence until 
the order is repeated. 
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It will be seen that the E.M.F. reverses its direction twice per 
revolution of the trip vane, since the armature is rocked past the 
maximum flux position on both north and south in the interval of one 


complete sequence. This is made use of in the secondary or copying 
clocks. 


Inducta Secondary Mechanisms 


Referring to the diagram of the secondary mechanisms, Fig. 25, 
it will be noticed that these are of the polarized type, and are designed 
for rapid operation. The armature 
is normally magnetically locked by 
means of a small, permanent magnet 
shown at V, while the winding em- 
braces the two poles W and WI. 
Attached to the armature shaft are 
the operating pallets, X, engaging 
the toothed wheel Y. 

Assuming the armature of the 
“Inducta” to be travelling from 
right to left in an anti-clockwise 
direction, a south pole will be pre- 
sented on the left and a north pole 
on the right. This is equivalent to 
half a cycle, and the resultant E.M.F. 
acting in the secondary circuit, im- 
parts one half of an oscillation to 
the secondary dial armatures, say 
from left to right, and the pallets 
are consequently rocked through a 
corresponding angle which, in turn, 
propel the wheel forward a distance 
FIG, 27.—-GENERAL ARRANGEMENT OF of one half tooth, the hands moving 
POLARIZED MOTOR AND ESCAPEMENT one minute. On the next sequence, 

XL CLOCK 

the armature of the ‘“Inducta’’ re- 
verses its motion and moves through a position north and south. 
The induced E.M.F. also reverses its direction, the secondary dial 
armatures now move from right to left, the pallets once more engage 
with the teeth of the progression wheel, but on the opposite side, 
another half tooth is propelled forward, the hands jumping forward 
another minute. It will be seen that as the armature of the “Inducta”’ 
is rocked through its field, the copying or secondary armatures do 
likewise, and oscillate in synchronism, and since there are thirty teeth 
on the propelled wheel and one half tooth is moved forward per im- 
pulse, sixty impulses will equal one revolution of the wheel, which is 
equivalent to one hour. 
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This system, like those described hitherto, is used extensively for 
sequence operation in connexion with the National Electricity Grid 
system, and is so simple in its operation that, once installed, the 
system can be relied upon to function for many years without any 
attention whatever. A close time rate is another characteristic. 


The XL Electrically Wound Clock 


Every new idea in electric clocks has its own particular character- 
istics, and very often reflects the temperament and ingenuity of its 
inventor. The clock now to be de- 
scribed is extremely interesting, and 
belongs to the vast army of electri- 
cally wound models. 

A small polarized multi-pole motor 
forms the primary working force to 
give momentum to the working 
parts, as applied to the pendulum, 
and to maintain in motion an ordin- 
ary clock escapement, which drives 
the hands through a train of gears 
of suitable ratio. 

To examine the drawing, Fig. 27, 
it will be seen that a multi-pole 
rotor, A, having alternate poles, is 
rigidly mounted on a vertical shaft, 
B; the shaft is pivoted at the top and 


LIGHT SPRING 


bottom ends, and runs in suitable WORM WHEEL 
bearings with as little friction as 
possible. 


An energizing coil containing an 
equivalent number of soft iron poles 
is attached to the clock base, and is 
arranged to clear the inner circum- prc. 28.—WORM AND WORM 
ference of the rotor, as shown in the WHEEL XL CLOCK 
drawing at C. 

A multi-pointed contact is attached to the shaft, and is so arranged 
that each projection normally takes up a position mid-way between 
the rotor poles. 

To the end of the shaft is fitted the worm D, which meshes with 
the wheel Æ. A light spiral spring, shown at Fig. 28, has its outer end 
attached to the worm wheel, while its inner end is hooked to the 
crown wheel arbor, as shown. 

Mounted on a suitably insulated block, and anchored to the clock 
plate, is a light contact spring, F, Fig. 29, containing at its end a silver- 
gold roller, G. The contact spring is so arranged that when the driving 
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spring is wound to its working maximum, the roller is in a mid- 
position in relation to the contact wheel teeth, and is, therefore, 
in an “off contact” position, while the rotor poles are in mid flux 
positions regarding the stator poles. 

As the torque of the driving spring falls off, due to the dissipation 
of energy (i.e. driving the clock), the rotor tends to rotate forward by 
its own permanent field towards the next and nearest pair of poles, 
which is equal to-the distance occupied by the contact roller from the 
tooth of the star wheel. 

When the rotor has travelled sufficiently far by its permanent field 


SILVER ROTOR 


CONTACT SHAFT 
G es 


MULTI- POINTED 
CONTACT WHEEL 


~“t—-- CONTACT SPRING 


FIG, 29.—-THE XL CONTACT 
SPRING FIG. 30.—ARRANGEMENT OF GEARING OF 
THE XL CLOCK 


to carry the star contact into a closed circuit position, the electrical 
circuit is completed, and the stator becomes energized, the polarized 
field system commences to rotate, due to the make and break action 
of the contact arrangement, and the consequent interruption of the 
electrical circuit at mid-pole positions. 

Rotation of the motor continues until equilibrium is restored, i.e. 
when the torque of the driving spring balances the working forces of 
the motor. The motor finally comes to rest in an off contact position 
with the roller in mid-tooth position as explained above. 

The clock is generally worked by means of a single dry cell incor- 
porated in the case, the circuit being from the positive pole of the battery 
to the working coil of the motor, from the other end of the working 
coil to the frame of the clock, through the contact breaker to the negative 
pole of the battery. 
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The summation between the escapement and the hands is by a 
simple train of 60/1 ratio: the eighty-tooth crown wheel makes one 
revolution per minute, which brings the remaining wheels into line 
with standard practice. This is shown in Fig. 30. 

The circulating currents taken by this: system, at the moment of 
wind, are exceedingly small, and the general arrangement adopted 
to attain efficiency, and the provision incorporated for the on and off 
positions of the contact maker, are, to say the least, ingenious. 


The Aron Electrically Wound Clock 
The Aron clock is another interesting example of an electrically 
wound mechanism, and it is possible with this particular design to 
utilize A.C. or D.C. for its operation. 


FIG. 31.—THE Z-SHAPED ARMATURE OF ARON REWIND 
THE ARON ELECTRIC CLOCK MECHANISM 


Primarily, this gear is used for meter operation. In fact, the famous 
Aron clock electricity meter has this rewind device incorporated, 
and it is arranged in such a manner that two dead beat pendulum 
escapements are kept in motion, which, in turn, are driven through a 
differential. But the following description is confined to the single 
pendulum model only. 

To explain the mechanism, an electro-magnet contains a laminated 
core, as shown at A, Fig. 31. Concentrically pivoted within the pole 
tunnel B is a Z-shaped armature C. This armature is a free fit on its 
supporting shaft D, Fig. 32, and normally takes up a position of 
minimum flux in the gap, as shown. 

A ratchet wheel ŒE is rigidly attached to one end of this shaft and 
is operated upon by the pawl F, which, in turn, is pivoted to a suitable 
extension anchored to the armature. This is shown at G. A length of 
spring P is connected at one end to the extension G, and at the other 
end to the clock frame as at H. 
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A silver pin J is also carried by the armature, and is arranged to 
touch the conductive side of a contact maker when the clock is in its 
unwound position. This is shown at 7. It will be seen that the contact 
member is composed of two surfaces, one of which is conductive, 
while the other is non-conductive and consists of a strip of insulating 
material, such as fibre. Both are separated in the centre by a block 
of ebonite which is pivoted as shown at K. 

A small spring Z is used to throw the contact member on to its con- 
tact and off positions and has one end attached to the upper end of the 
contact breaker, and its other 
end is fixed to a pin rigidly 
anchored to the frame. 

A small buffer spring, M, 
forms a connexion between 
the end of the winding shaft 


ARMATURE 


|! = D and the clock driving 
E H wheel. This is clearly seen in 
mcr iy! Lows 

BAH - The circuit of the system 
-; LE 


is, from the positive side of 
the supply, through the en- 
ergizing coils to the contact 
pin, through the circuit 
breaker, to the negative 
pole of the supply. In the 
case of A.C., the method 
of connexion does not 
matter. 

Now to understand fully 
the working of the system, 
we must imagine the two 
FIG. 33.—GEARING AND ESCAPEMENT OF ARON ends of the working coils are 

CLOCK connected across a source of 

either A.C. or D.C. electri- 

city, while the silver pin is in contact with the conductive side of con- 

tact breaker. The electrical circuit now being completed, the armature 

rocks to a position of maximum flux, due, to the energizing of the 

working coils; at the same time, the pawl F, Fig. 32, is carried round 

the circumference of the ratchet wheel L for a certain number of teeth 

in its free direction. This also has the effect of depressing the 
spring P. 

When the armature has progressed sufficiently far, the silver pin 
trips the breaker through its dead centre position, and the contact 
plate, in the meantime, interrupts the electrical circuit due to its 
separation with the pin J which leaves the contact surface and strikes 
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the fibre pad on the non-conducting side, thus tripping the member 
on the stop N. 

On the return swing the pawl F exerts a torque on the ratchet 
wheel E, due to the energy stored in the spring during its descent. 
A second pawl, shown at O is used to prevent backward rotation 
during the moment of wind. 

The number of teeth engaged by the pawl at each active impulse 
will depend upon the angular distance covered by the armature and 
the effective period of contact. The impulses are transmitted to the 
buffer spring, which also acts as a maintaining power during the 
descent of the armature at the contact periods while the power of the 
operating spring’ is taken from the clock. 

This system could be described as “oscillating armature’’, since 
the action is a semi-rotary one. 

The movement and train is of 
the dead beat pendulum type, as 
the illustration shows. 


The Sterling Electrically 
Wound Clock 


This clock is yet again a mech- 
anism of the self-wound type, but 
the system differs from those 
already described, inasmuch as 
the winding impulses are carried 
out at frequent intervals, and are 
transmitted to a ratchet wheel in 
a step by step progression, at the 
rate of one tooth per impulse. 

The mechanism is extremely FIG. 34.—-ELECTRO-MAGNETIC MECHANISM 
simple, while the number of OF STERLING ELECTRICALLY WOUND CLOCK 
working parts necessary to per- 
form the winding functions is exceeding small. This will be seen by the 
drawing, Fig. 34. 

A suitably pivoted armature, shown at A, is arranged to occupy 
a position in close proximity to the poles of an electro-magnet B. 
Normally, the armature is held away from the magnet poles by the 
adjustable spring C against the stop D. 

A pivoted arm E has fitted to its lower end the pawl F, which is 
actuated by the spring G. 

Integral with the armature member is a right-angle extension H, 
to which one end of the spring J is connected. The other end of the 
spring is connected to the tail of a pivoted sector-shaped contact 
maker, 7, the contact surface of which consists of a silver-gold inset, 
as seen at K. 
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An insulated bracket L, has attached, a light silver-tipped spring 
M, which forms the second contact of the system. 

The circuit of the clock is from the positive pole of the battery, 
through the working coils to the contact member, and so to the 
negative pole of the battery. 

A ratchet wheel W is rigidly attached to the centre wheel of the 
clock mechanism. Refer to drawing, Fig. 35, and imagine the ratchet 
wheel to be attached to the centre arbor at O, and that the device is 
connected to a battery or other electrical source. 

Assuming the contact is in the position shown on the drawing, 
Fig. 34, with the electrical circuit established. The electro-magnet B 
will now be energized; the armature A will be instantly attracted, 
and in doing so, stretches the spring C. At the same time, the arm 
E carries the pawl F over the circumference of the ratchet wheel 
the distance of one tooth. Meantime, the right-angle extension H 
has moved over a distance from 
right to left, and has rocked the 
spring through a corresponding 
arc, which, due to its angular 
displacement in relation to the 
central axis of the contact 
breaker, trips this member into 
its off contact position against 
the stop P. The contact now 
being broken, the arm A, 
through the medium of the 
pawl, exerts a torque in an up- 
ward direction on the ratchet 
wheel N, due to the energy 
stored in the spring, 

FIG. 35.—WHEEL TRAIN OF STERLING Thus, as the arm moves to- 

ELECTRICALLY WOUND CLOCK wards its upper position, and 

the energy transmitted to the 

clock is nearly expended, the contact is once more displaced to its 

original contact position. Thus, another impulse takes place, and so 
the sequence is repeated. 

The going movement of this clock is of the conventional lever 
balance wheel type, and is indicated in the illustration. 


Orel-Micro Balance Clock 


The Orel-Micro balance clock is one of the smallest electrically- 
propelled balance types. The efficiency of the design is due in no small 
measure to the delicate construction incorporated in the escapement 
which contains six jewelled pivot bearings combined with a very 
efficient electro-magnet system. The current taken per impulse is 
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only about 0:0005 amp. or half a milliamp. The impulse on the power 
stroke lasts a mere 1/25 second. 

An examination of the drawing Fig. 36 will make the action clear. 
The balance A is mounted on jewelled bearings, in a vertical plane, and 
is controlled by a hairspring in the usual manner. A special iron 
armature B is fixed to the balance staff and has two pole extensions 
Cand Cl. These latter oscillate with the balance and therefore “sweep” 
through, with small clearance, the electro-magnet gap at C at the 
moment of active power impulsing. D is the electro-magnet system. 
The contact switch E is composed of rare metal; its chief feature is 
maximum resilience on the non-active arc, thereby presenting a 
negligible amount of friction on the balance at a moment when the 
driving power is small. One-way impulsing is applied to the balance, 
although the contact spring is 
“swept” by its mating pin on 
both arcs, i.e. impulsing and 
free. 

An extremely light scroll- 
shaped spring F is fixed to the 
lower end of the balance axis. 
A fifteen-toothed ratchet wheel 
G is so disposed that on each 
power stroke of the balance the 
lip of the spring collides with a 
tooth and propels the wheel 
one tooth. The wheel is then 
held by a backstop (not shown 
on the drawing). On the re- 
turn or non-active stroke, how- 
ever, the lip of the spring is 
slightly depressed on again 
passing a tooth, an action per- 
formed practically without mechanical friction, due to the now 
almost horizontal position of the tooth flank, extreme lightness of the 
spring, and very light engagement with the tooth tip. 

To put the escapement into effect, the action is as follows: When 
the balance is swinging from right to left, the pin El meets the curved 
underside of contact spring E and deflects the spring upward to 
establish electrical contact with the upper spring at £2. With this 
action, the electro-magnet becomes energized, attracting the armature 
through the poles C. At the same time propulsion spring F propels 
one tooth of the ratchet wheel forward. Contact now ceases and the 
balance makes its free or return swing, while the pin carried by the 
balance meets the upper surface of the contact spring, depressing it 
slightly when the curved end is met. 

E 


FIG. 36.—GENERAL ARRANGEMENT OF 
OREL-MICRO ESCAPEMENT 
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From nine to twelve months’ service is possible from an ordinary 
4:5-volt flashlamp battery. 


Smiths (Jaeger) Balance Wheel System 


In this system, balance propulsion is brought about by a two-pole 
electro-magnet, B, Fig. 37, reacting with a tripolar moving element A, 
which extends the full diameter of the balance. A contact pin C of 
rare metal is carried by the balance and is arranged to collide at each 
vibration with a contact member D, contact taking place when the 
balance is travelling at practically its maximum velocity just before 
the centre line is reached. With this action two of the balance poles 
are in a favourable position to be attracted over two of the curved 
pole-pieces of the energizing electro-magnet, say from left to right. 
Since this action takes place on both arcs, impulsing occurs in both 


FIG. 37.—SMITHS (JAEGER) BALANCE WHEEL SYSTEM 
The drawing on the right illustrates operation of the wheelwork. 


directions. £ is a non-inductive buffer resistance placed across the 
main coil to prevent sparking at the contact. 

The wheelwork is actuated by two very thin flanges carried on the 
balance staff, these being arranged to span one tooth of the wheel 
to be propelled. The flanges are split and bent in such a way as to 
form two inclined planes as shown on the right in Fig. 37. The space 
formed between the two lips is just capable of accommodating the 
entry of one tooth on the propelled wheel; the teeth of the wheel are 
of special “lozenge” shape. 

The action can be understood by examining the small drawing in 
Fig. 37 where the two inclined planes are shown meshing with the 
“lozenge” shaped teeth. Owing to the difficulty of illustrating this 
device, the inclined planes are shown to move horizontally “to and 
fro”, but of course the actual action is semi-rotary; the effect, however, 
is the same. 
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If the upper flange moves in the direction indicated by the arrow, 
the tooth now embraced will be moved upwards (by riding the in- 
clined plane), half-a-tooth pitch. On the return swing, however, the 
lower inclined plane will be moving to the right thus embracing 
the next or following tooth which then also moves upwards half a 
tooth; thus the wheel rotates one complete tooth in one oscillation of 
the balance. 


Impulse, Repeater and Copying Clocks 


An impulse or repeater clock is a device which receives the timed 
electrical impulses transmitted by a master clock, and translates them, 
through its wheelwork, into seconds, min- 
utes and hours. 

In the early days, dial systems were 
known as copying clocks or sympathetic 
pendulums, due to the fact that each of 
the copying clocks had a pendulum ar- 
ranged to oscillate in synchronism with 
the pendulum of the transmitter. In this 
system each pendulum (including the 
transmitter) has a wire-wound solenoid at 
its lower end. Each copying pendulum is 
arranged to swing over, without touching, 
a suitable permanent magnet. The trans- 
mitter pendulum is arranged to establish 
electrical contact on both arcs of its swing, 
thus impulsing and synchronizing the 
copying pendulums so that all swing as 
one. 

One of the early types of wheelwork 
propulsion for this particular system is pre, 38.—rarty METHOD OF 
shown in Fig. 38. A specially cut escape- PROPELLING DIAL WHEELWORK 
ment wheel A is embraced by a divided 
pallet system consisting of two pivoted arms B and Bl. Pivoted to 
the lower end of each arm are rollers C and Cl, which, being disposed 
on each side of the pendulum rod D, are lifted individually when the 
pendulum is performing its normal arc. Engaging with the ’scape 
wheel teeth are two propulsion pieces E and El, these being shaped 
in the form of inclined planes. When the pendulum swings either 
way it lifts the appropriate arm outwards, allowing the opposite arm 
to descend by its own gravity, and displacing the ’scape wheel half a 
tooth. Thus one complete tooth is propelled at each full vibration of 
the pendulum. By carefully arranging the position and shape of the 
pallet blocks locking the ’scape wheel at each half vibration can be 
accomplished. 
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The secondary dial mechanisms described below are of the propelled- 
wheel, step-by-step variety. All successfully overcome one of the 
earliest difficulties facing the inventor of this type; this was to design 
a mechanism whereby the tendency to ‘“‘overshoot”’ or ‘“‘undershoot”’ 
according to whether the battery force was above or below normal 
limit was eliminated. 


Princeps Secondary Mechanism 


Fig. 39 indicates the mechanism of the Princeps system, designed 
by Major Price, O.B.E., M.I.E.E., and used in conjunction with 
the Princeps master clock. 

A toothed wheel A contains twice as many teeth as wheel B; these 
teeth are specially shaped with curved flanks. Disposed to cut the 
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FIG. 39.—PRINCEPS ELECTRICAL REPEATER MECHANISM 


pitch line between the two gears is a lever C pivoted at D. To the 
lower end of lever C is fixed a soft iron armature E, and return spring F. 
Interposed between the teeth near the top of the lever is a ruby pin G 
of half-round cross section. An electro-magnet H arranged to react 
with the armature £, is normally electrically connected in series with 
the “master”. 

On impulse being established, the armature Æ is attracted, thereby 
carrying with it the lever C sufficiently far to allow the ruby pin G 
to ride the curved profile of a tooth on wheel B, thus displacing it 
downwards a distance of half a tooth. This action, however, also 
moves the great wheel by a similar amount since they are geared 
together. 

At the end of the impulse the lever C returns to its original position 
against the stop J by the power stored in the spring F. The ruby pin 
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in the meantime “rides” the curved surface on the great wheel tooth, 
which is then in its path, thus displacing it a further half tooth. By 
this means one complete tooth is propelled by a double movement of 
the lever. Under all conditions, the wheelwork is locked, thus eliminat- 
ing any possibility of propelling more than one tooth at a time, no 
matter what increase in battery E.M.F. is applied. 


Synchronome Impulse Mechanism 


This design has double locking of the wheelwork and a single 
propelled 120-tooth wheel A operating the hands direct in half minute 
steps (Fig. 40). 

The teeth formed on the large propelled wheel A are of unusual 
shape. B is a lever pivoted at C. A propulsion pawl D is pivoted to 


FIG. 40.—SYNCHRONOME STANDARD IMPULSE MECHANISM 


the upper end of the lever B. Rigidly attached to the lower end of the 
lever B is a soft iron armature Æ. A wheel retention lever F pivoted 
at G carries a rectangular retaining pin H, so arranged as to fall into and 
lock securely the teeth of wheel A. To a further extension of this lever 
a pin J is fitted and arranged to coact with a suitable notch formed 
on lever B when that member is in its outward position. An adjustable 
stop 7 is so arranged as to arrest the movement of pawl D immediately 
it has propelled one tooth. Means of tensioning the main return 
spring L are provided by an adjustable screw M. 

On receipt of an impulse from the “master” the electro-magnet K 
attracts the armature E displacing the lever B; in the meantime the 
pawl D is withdrawn from one tooth of the wheel, and has picked up 
the following tooth. . 

At the end of the impulse the complete lever and pawl assembly 
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is released and returns quickly to its normal position, under the tension 
of the spring, the pawl D being pushed forward exactly one tooth of 
the main wheel, when it is arrested by the adjustable screw 7. 

To guard against rotation of the wheel' when the lever B is deflected 
outward by the electro-magnet, the rectangular retaining pin H on 
lever F is arranged to fall into and lock securely the teeth of wheel A, 
the pin J on lever F being arranged to contact with a suitable notch 
formed on lever B when that member is in its outward position. 


FIG. 41.—MECHANISM OF PUL-SYN-ETIC FIG. 42.——-MAGNETA IMPULSE MOVEMENT 
REPEATER DIAL 


On the lever B becoming released, the pin J is no longer retained; 
lever F is now free to be lifted as the wheel moves forward, while 
the stud H rides the tooth being propelled. 


Pul-syn-etic Impulse Dial Mechanism 


In this system a single 120-tooth wheel is also adopted, while the 
basic arrangement of propulsion and locking is in several ways similar 
to that already described. 

The great wheel A, Fig. 41, drives the hands directly through its 
arbor. A spring-returned propulsion pawl B pivoted at C contains 
a right-angle extension D, the latter pointing downwards as shown. 
A propulsion lever Æ has fitted to its lower end a soft iron armature F 
which is retained in normal position by the spring G. An adjustable 
disc H is fitted with a pawl retention stop J. 

A wheel retaining pawl 7 is pivoted at K and is sufficiently free to 
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allow the “‘turned-back” nose to fall into and lock the teeth, thus 
preventing backward rotation. An electro-magnet L is arranged to 
attract the armature F when the master clock transmits an impulse. 

When the mechanism becomes active, the armature F is attracted, 
thus allowing lever Æ to be displaced outwards. The propulsion 
pawl B in the meantime has ridden one tooth of the great wheel, but 
then becomes instantly arrested by the heel D abutting a stop attached 
to the lever. (This is not shown on the drawing.) 

On cessation of the impulse the pawl’ B together with lever E 
rapidly return to their normal positions, under the force of spring G. 
In the meantime, the pawl B has propelled one tooth forward, being 
finally arrested by the stop fitted to adjustable disc H, thus securely 
locking the wheelwork. 


Magneta Impulse Movement 


In this example of double-locked movement (see Fig. 42) the pro- 
pelled wheel contains thirty teeth only; thus it is necessary to step down 
the ratio to obtain correct time rotation of the hour arbor, to which 
the minute hand is attached. The mechanism is normally manu- 
factured for minute and half-minute impulsing. 

The drawing shows the propulsion mechanism. Pivoted to the 
electro-magnet A is a specially-shaped armature lever B having a right- 
angle extension parallel with the underside of the coil. Attached to 
the right-hand end of the armature lever is a return spring C, while to 
the other end is fixed an adjustable eccentric D. Pivoted at Æ is a 
propulsion pawl F, while on the lower left-hand side is the retention 
pawl G containing a curved tail extention H. Both propulsion and 
retention pawls are linked together by a common spring J and embrace 
a thirty-tooth ratchet wheel 7. K is a spring tensioning adjuster 
affecting the main armature as well as both pawls with a single 
manipulation. 

When the electrical impulse is established, the armature is attracted 
inwards, but the lever extension is displaced downwards; this propul- 
sion pawl F gathers one tooth of the ratchet wheel while the eccentric 
abutts the curved tail extension of retention pawl G, thus locking the 
wheel. When the impulse ceases, the armature lever sharply returns 
to its original position, due to the spring, and the propulsion pawl 
carries forward one tooth of the ratchet wheel with it, the wheel then 
being held by the retention pawl. 


‘International’? Master Clock System 


In this system, not only does the master clock transmit impulses 
to dials in the usual way but the time of each secondary unit is auto- 
matically compared with that of the “master” at each hour, and any 
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FIG. 43.— INTERNATIONAL MASTER CLOCK SYSTEM 


Secondary clocks are connected in parallel on a 3-wire circuit, wire C forrhing 
a common return. 


CONTACT ARM ATTACHED 
TO VERGE SHAFT 


D TO OPERATE 2 
— ee SECOND CONTACT 
ia a 


2 SECOND CONTACT 


WINDING Va MINUTE IO MINUTE 
COIL SWITCH WITCH 


FIG. 44.—LAY-OUT OF INTERNATIONAL MASTER CLOCK ESCAPEMENT AND CONTACTING 
MECHANISM 
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variations which may have crept in through current interruption or 
other causes are accurately corrected. 

Fig. 44 represents a typical master clock movement with certain parts 
ofiits plates cut away to enable vital contacts, etc., to be seen. The 
movement is a precision mechanism containing a Graham dead beat 
escapement operating a pendulum of seconds length. A number of 
spring contacts will be seen, these being actuated by the clock 
mechanism as follows (Fig. 45). 

Contact No. 1 closes every minute and is cam-operated by the 
minute wheel of the train. 

Contact No. 2 closes every two seconds when the pendulum is 
swinging from left to right. (The energy necessary to close the contacts 
is very small indeed, and 
has been found to have 
no effect on the time- 
keeping qualities of the 
movement in this master 
clock.) 

Contact No. 3 operated 
by the hour arbor closes at 
59 minutes 10 seconds and 
opens at 59 minutes 40 sec- 
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FIG. 4.5.—-CONTACT DIAGRAM OF INTERNATIONAL 
MASTER CLOCK SYSTEM 


open period. 

There is a further duration contact (for bell operation, etc.), No. 5 
which closes every minute; for the sake of clearness this is not shown. 

The switches incorporated in the “master” are so interconnected in 
themselves and with a master relay as to constitute a three-wire dial 
circuit, as in Fig. 43 at A, B and C, to which the secondary clocks are 
connected in parallel, the wire C forming a common return. 

When the minute contact of the “master” closes it energizes a relay, 
thus transmitting an impulse to all secondary units whose hands 
advance one minute in the ordinary way. If, however, for any reason 
one or more secondary units become slightly behind or ahead of the 
master, they will be brought back into perfect synchronism within 
the hour. How this is done is described below. 

The 10-minute switch in the mechanism interrupts the current 
flow in wire B for a 10-minute period at each hour from the 50th 
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minute to the 59th minute, so that if any of the secondary units are 
ahead of the “master” they will cease to operate immediately they 
reach their own 59th minute, at which moment a cam-operated 
switch incorporated in each dial mechanism automatically transfers 
A to wire B (see Fig. 46). By this change of circuit all fast secondary 
units only are lined up at exactly the 59th minute in readiness for 
reception of the 60th minute impulse from the “master”. 

A short period, however, before the “master” has reached its 60th 
minute the 10-minute switch re-establishes the current flow in wire B 


FIG. 46.— INTERNATIONAL IMPULSE DIAL MECHANISM 


A sixty-tooth ratchet wheel is normally propelled one tooth forward at each minute 

interval by means of armature of electro-magnet. Note the cam which transfers 

connexion from wire A to wire B at the 59th minute by deflecting upwards the 
centre or C blade of a two-way spring contact switch. ` 


(International Time Recording Co. Ltd.) 


to the impulse circuit, thus allowing all secondary clocks to ‘‘step” 
forward to the 60th minute and bring all dials into synchronism with 
the “master”. 

The 30-second switch in the “master” closes once each hour for a 
period of approximately 30 seconds between the 59th and 60th minute 
impulse, while the 10-minute switch is still open. By this means the 
2-second contact operation performed by the pendulum is able to 
energize the master relay and thus send out about fifteen rapid electrical 
impulses over the now connected A wire only. Any secondary units 
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behind the true time of the “master” will be on the A wire and they 
will, therefore, receive these 2-second impulses at every complete 
vibration of the pendulum until they reach the 59th minute point, when 
they automatically “cut over” to the dead wire B, in agreement with 
the “master”. 

So long as the secondary units are in synchronism they receive the 
regular minute impulsing only and are not actually affected by 
“automatic supervision”. The master clock breaks the circuit wire B 
for ten minutes before the even hour, whereas the secondary units 
receive their impulses over wire B only at and for four minutes past the 
hour. At four minutes past the hour a switch operated by means of a 
cam in each secondary unit restores the unit to the wire A, which is 
the normal operating position. 

A clock rewind circuit is connected across wires A and C of the 
hourly supervision system. For the sake of clarity this is not shown 
in the figures, but sufficient reserve energy is stored to operate the 
“master” over a period of twelve hours should the electricity supply fail. 

A very important addition to this system has recently been devised 
whereby an “impulse accumulator” stores up all the impulses which 
normally would be transmitted in the event of long interruptions taking 
place, even though this should amount to twelve hours. Immediately, 
however, the electric supply is resumed these impulses are sent out to 
all the units connected in the circuit, these rapidly bringing them 
into line with “master” time. 

The master clock contacts do not themselves handle the current 
required to operate the system, but merely pass a current of a few 
milliamps to the coil of a “relay”, which is capable of carrying a 
load of 1-5 amps. Should the external system require more than this, 
auxiliary relays can be installed. 


Hatot Regenerative Pendulum System 


One of the greatest difficulties facing inventors of pendulum electric 
clocks is to ensure a constant and uniform arc, although the battery 
E.M.F. or driving force varies 24 per cent + over a period of use. With 
early designs, especially those with short pendulums, variation in 
amplitude due to this cause was a very serious drawback. Notable 
among the many ingenious devices that have been invented to com- 
pensate for this is that of Leon Hatot of Paris, patented in 1924. This 
system overcomes the difficulty by applying regenerative principles 
following the same law as the propelling forces. 

Fig. 47 shows the arrangement. A curved permanent magnet bob B 
is carried on the pendulum rod A. Surrounding the two magnet limbs 
without touching are an electro-magnet D and a copper ring, called a 
regenerative ring (E, El). The coil is connected in series with a 
special contact switch F and battery. 


76 ELECTRIC CLOCKS 


On impulse being given to the pendulum by the working coil reacting 
with one limb of the magnet, the opposite limb threads the copper ring 
(which can be assumed to be a closed circuited winding of one turn), 
thereby setting up a current in the ring and therefore a reactive 
retarding force. This force, however, is slight when the arc is small, 
but increases rapidly should the arc become longer. At the same time 
the contact switch, which is actuated by the pendulum, automatically 


FIG. 47.—-REGENERATIVE PENDULUM OF LEON HATOT SYSTEM 


prolongs the circuit when the arc is small, but interrupts the current 
flow immediately amplitude increases beyond certain limits. The 
whole pendulum structure is suspended by means of hardened steel 
links C. 

The contact device is shown in the cut-away space at F. The 
assembly is pivoted to the pendulum rod and contains two vertical 
pins. The pin on the left is composed of rare metal and constitutes 
One contact of the system. Between the two pins, but slightly less in 
pitch, are two stationary rods, one only of which, that on the left, forms 
a mating contact with the pin carried by the pendulum. When the 
pendulum swings to the right on a normal arc the contact and its 
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mating pin are in electrical contact, as shown on the drawing, but 
should the arc increase beyond certain limits the contact assembly 
will be tripped to the right, separating the contact pins and interrupting 
the circuit. Amplitude now falls off until a normal arc is again reached, 
at which point the contact assembly is tripped back by means of the 
two non-conducting pins seen on the right. 

A pendulum controlled by such a device is practically self-starting 
because when at rest the two contact pins are in a closed-circuited 
position. 


FIG: 48.—LAY-OUT OF “ATO” REGULATOR AND COPYING MECHANISMS 


“Ato” Regulator and Copying or Receiving Clocks 


This system (like the domestic clock on page 76) was perfected by 
Leon Hatot of Paris, and consists of an accurate pendulum transmitter 
arranged to control a number of receiving or copying clocks by a system 
of pendulum synchronization. 

Fig. 48 is a general lay-out of the system. A is the master or trans- 
mitter with a half-second pendulum B. A permanent magnet C, 
carried by the pendulum, is arranged to “thread” the interior of a 
fixed solenoid D during its travel from right to left. A special contact 
switch operated by the master pendulum connects the solenoid D in 
series with a 1°5-volt cell. The master clock, therefore, works on rather 
similar lines to that already described for the “Hatot” domestic clock. 
Its circuit is entirely self-contained. 
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Each copying pendulum is half the periodic length of the trans- 
mitter pendulum (but for clearness in the drawing is shown enlarged). 
An impulse is transmitted by the master contact switch through the 
circuit Æ at each half-second or every half vibration of the master 
pendulum in order to energize the working solenoids (F. and F1) of the 
receiving pendulums (G and G1) at each complete vibration. The small 
amount of electrical energy required is derived from a battery H. 
To the lower end of each copying pendulum rod is fitted a similar 
permanent magnet (J and 71) to that carried by the transmitter, while 
at the upper end is pivoted a propulsion pawl 7, this being arranged to 
rotate one tooth of a ratchet wheel K during the power stroke of each 


FIG. 49.—CONTACT DETAILS OF “ATO” TRANSMITTER 


complete vibration. The ratchet has ten teeth and rotates once in 
every 5 seconds, operating the hour hand arbor through a gear ratio 
of 12/1 x 5/1. These gears are not shown on the drawing. 

All time-regulation is performed by a single manipulation of the 
“master” pendulum rating nut. 


“Ato”? Contacting Mechanism 


The contacting mechanism of the transmitter (as shown in Fig. 49) 
performs a double function: that of maintaining master pendulum 
amplitude as well as electrically impulsing the pendulums of the 
receiving system. The pendulum rod A rotates an eight-toothed 
wheel B forward through the medium of a propulsion pawl C. 

The axis of this pawl can be moved nearer to, or farther from the 
ratchet wheel B by the screw 7 to enable adjustments in tooth travel 
to be carried out. A further screw 71 is provided to regulate the depth 
of the propulsion pawl into the teeth of the wheel. 
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The ratchet wheel is prevented from backward rotation by a reten- 
tion pawl D whose vertical arm is provided with a rare metal pin F. 
The pin Fis arranged to establish electrical contact at each forward 
movement of the ratchet wheel teeth by abutting a rare metal slip 
G, brought about by the pin E riding the teeth at each complete 
vibration of this pendulum. It is this contact that delivers the necessary 
impulses to maintain the oscillation of the master pendulum. 

Contacting for the copying clocks is performed when the pendulum 
is slightly displaced from the vertical, both springs J and J1 are then 
in electrical contact with their mating pins H and H1. When the 
pendulum swings to the right or left one or other of the pins becomes 
displaced from its mating ‘“‘slip” thus interrupting the current flow. 
By this means impulses are transmitted to the receiving clocks at half 
second intervals. 

The current required to operate each receiving clock is only 
about 0:0002 amp. per impulse. All receiving dials are connected in 
parallel. 


Horstmann-Clifford Magnetic Escapement 


The magnetic escapement invented by C. F. Clifford is an out- 
standing example of electrical principles applied to clock making. 
To illustrate the bare working principles of the system, the reader is 
referred first to Fig. 50. 

If a drum is rotated forward at an even speed below a freely 
oscillating pendulum the path of the rod as traced on the drum would 
be a sine wave.as shown at C. Now imagine that a small permanent 
magnet B is fitted to the end of the pendulum rod, that the sine wave 
track round the drum is made of ferro-magnetic material, and that a 
uniform torque (such as that applied to a clock escape wheel) is 
applied to the drum. After the pendulum is given an initial swing, 
the small permanent magnet will, by reacting with the sine wave 
track, faithfully follow the “zig-zag? course and maintain its true 
oscillation, so long as the drum is rotated at a speed synchronous with 
that of the pendulum. At the normal torque, such as that applied under 
actual working conditions, the drum can only rotate at a speed strictly 
controlled by the pendulum in traversing the “zig-zag? sine wave 
track. 

It will be realized that the sine wave drum is analogous to an escape- 
ment wheel of an ordinary clock, but with all tooth friction absent. 
There are, however, many modifications. The sine wave track can, 
for example, be carried by the pendulum while the magnet is rotated. 
Fig. 51 shows a multi-pole permanent magnet acting as an escapement 
wheel and rotating inside, without touching, a sine wave magnetic ring 
which forms a part of and oscillates with the pendulum. 

The magnetic escapement is from three to four times as efficient as 
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the mechanical type in transferring energy to the pendulum. As inter- 
ference with the pendulum is almost negligible, greater accuracy in 
timekeeping is possible. 

The magnetism can be relied upon to remain constant for many 
years, but the accuracy of the clock does not depend upon the magnetic 
flux remaining absolutely constant. So long as there is sufficient 
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magnetic flux to maintain the necessary tooth lock, timekeeping will 
be constantly maintained. 

Other important features with this design are less wear and silence 
of operation. The escapement is two or three times more tolerant 
of “out of level” than conventional types. 

The clearances between working parts is 0-005 in. to 0-020 in. depend- 
ing upon the magnetic material used. As the magnetic coupling 
between the escapement wheel and pendulum is very elastic, there is 
no need for so great an accuracy in the dimensions of components as 
with conventional pallets. 

If the magnet is made from 15 per cent cobalt steel and the sine wave 
is constructed of low-loss alloy, the total material cost is of the order of 
a few pence. 
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Owing to the high efficiency of this design the working forces can 
be reduced to about a quarter of that normally required, but with a 
precision pendulum operating at low amplitude it need only be about 
one-tenth of normal. 


Alternative Designs 


There are many ways in which the design can be adapted, some 
are set out below. 


1. Sine wave rotates, magnet (or intermediary) oscillates. 

These designs can be further sub-divided into (a) sine wave carried 
on edge of escape wheel; (b) sine wave on face of escape wheel; and 
(c) double sine wave either on edge or face of wheel. 


2. Magnet (or intermediary) rotates, sine wave oscillates. 

(a) One or more poles (up to the number of cycles in the sine wave) 
rotate internally in a concentric sine wave ring as in Fig. 51; (6) one 
or more poles rotate externally around a concentric sine wave; (c) one 
or more magnetic particles in an otherwise non-magnetic escape wheel 
coact with the sine wave, both being magnetized by a stationary 
magnet to provide the tooth lock. 


Magnetic Balanced Reed Escapement 


The previous description has shown briefly how the Horstmann- 
Clifford magnetic escapement is applied to pendulum clocks. A port- 
able type suitable for alarms and mantlepiece clocks has been 
developed using the balanced reed principle. Fig. 52 indicates the 
general design, which is inherently self-starting. 

When the winding of the mainspring exerts sufficient torque to the 
escape wheel A, it imperceptibly deflects the poles of a light permanent 
magnet B downwards against the spring pressure of a balanced reed C 
and the magnet B “escapes” round the aperture D without breaking 
the magnetic tooth lock. At this moment, the outer curved aperture E 
is opposite the poles of B, the spring has flexed the latter back through 
its “repose” position to one in which the curved aperture E can escape 
round the pole. The escape wheel builds up its speed until it is vibrating 
the magnet reed assembly at its natural frequency. Thus the amplitude 
of the balanced reed will be such that its various losses absorb the 
energy transferred from escape wheel to oscillator. 

As is usual on lever escapements a guard pin is necessary to prevent 
accident conditions throwing the oscillator out of phase with the 
driver; this pin is shown at F and is arranged to oscillate over the outer 
contour of the escape wheel by reason of being rigidly fixed to one 
limb of magnet B and therefore always ready to catch the tips of the 
teeth in the event of a heavy shock causing the magnet to oscillate 
out of phase with the escape wheel. 

F 
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Regulating for Time 


The natural frequency of the reed can be increased by a lighter 
magnet, or a stronger spring, as on orthodox balances one lightens the 
balance or strengthens the hairspring to make the time rate faster. 

It is fairly easy to provide a suitable adjustment for strengthening 
the reed. This can take the form of a cupped spring washer interposed 
between the clamping screw and the reed, by means of which the 
effective length of the reed is increased or decreased as the washer is 
more or less flattened by the tightening of the screw. 


FIG. 52.—HORSTMANN-CLIFFORD BALANCED REED TRANSPORTABLE ESCAPEMENT 


Large Balance Precision Timekeeper 


Although a large electrically-propelled balance in itself. possesses 
precision timekeeping qualities, very few attempts have been made to 
utilize it. One reason for this is the difficulty in attaining even fair 
isochronism of the balance when no compensation exists for fluctuation 
in battery E.M.F. 

It is.a well-known fact that a large balance (other factors being 
equal) is not nearly so susceptible to slight changes in driving force 
as a light one. Assuming arrangements are made to keep the operating 
voltage absolutely constant and all mechanical harnessing is as far as 
possible eliminated, then the large balance becomes a precision 
instrument. 

Several methods of bringing about a uniform and constant arc to a 
balance or pendulum have been described. In the present design, the 
ferro-material used in the construction of the electro-magnetic pro- 
pulsion system is composed of a substance capable of reaching magnetic 
saturation when only a fairly low flux density is producing it. When a 
ferro specimen is magnetized progressively from zero to saturation, the 
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permeability curve rises steeply over the first 20 per cent of its range 
and then becomes a fairly straight line until magnetic saturation is 
reached. At this point no further increase in operating current produces 
any further increase in flux density; indeed, the curve drops steeply 
from this point when subsequent increases are applied. 

By operating the electro-magnet at near magnetic saturation the 
resultant impulse can be kept uniform and the balance arc is kept 
practically constant over a range of 5 per cent, i.e. 24 per cent 4 in 
battery E.M.F. variation. 

Fig. 54 shows the electrically-propelled balance. The balance is 
44 ins. in diameter and fully compensated for temperature, the whole 
assembly being mounted on hardened and ground pivots supported on 
ball bearings, the latter of which are fitted with polished agate end 
stones. The contact switch assembly! consists of an extremely light 
alloy lever with a working extension of combined platinum and glass 
slips. These slips measure only 0-009 in. in width and are tapered off 
at their lower extremities to approximately 0-0005 in. at the tip, thus 
leaving a combined conductive and insulated surface of almost negli- 
gible thickness. The contacting assembly is mounted on a pallet staff 
supported in jewelled bearings. A mating pin of platinum is carried 
by the roller and arranged to lightly touch the conductive side of the 
lever at a moment when the balance is travelling at its highest rate 
across and after the centre line. On contact being established, a vane 
composed of low-loss magnetic alloy, also carried by the roller, is 
attracted over the curved pole track of the electro-magnet, thus 
imparting an impulse to the balance. 

Fig. 55 is a back view of the system, in which the electro-magnet 
can be seen slightly offset in relation to the centre axis of the balance. 
The tiny balls supporting the balance can also be seen. 

To obtain isochronism as near as possible, other things being equal, 
it is necessary to eliminate practically all mechanical friction. The 
present balance, if switched off after attaining a normal arc, will 
continue to oscillate for a period of 12 minutes. Thus we have a balance 
unaffected by escapement errors, where both impulsing and contact- 
ing functions are operated through an air-gap, while its arc is kept 
absolutely constant by the method described above, all mechanical 
harnessing being completely removed. 


Operation of Dial Mechanism 


The dial mechanism is actuated by electrical impulses transmitted 
by the balance through the medium of its existing contact switch, the 
latter member being connected in series with both the balance electro- 
magnet and that of the repeater dial mechanism, which is impulsed 


1 The system is now fitted with a magnetic contact member operated (through 
an air-gap) by a small cobalt-chrome permanent magnet carried by the roller. 
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FIG. 54.— VIEW OF BALANCE SHOWING IMPULSING 
ROLLER AND CONTACT ASSEMBLY 


FIG. 53——-LAY-OUT OF COMPLETE 
LARGE BALANCE REGULATOR 


FIG, 55.—BACK VIEW OF BALANCE SHOWING ELECTRO- 
MAGNET AND BAILL BEARINGS 
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at 2-second intervals. Electrical connexion between the repeater 
dial and balance contact consists of a single pair of “leads”, while the 
wheelwork propelling mechanism is of the “‘step-by-step” variety, con- 
taining a normally locked armature and pawl whose movements 
actuate a fifteen-toothed ratchet wheel. 

The actual wheelwork needs no explanation, except in the present 
instance, where the seconds, hour and minute arbors are “‘pitched”’ to 
accommodate a regulator dial. 

Owing to the rather high inductance of the two coils, a “buffer 
swamp” resistance of several thousand ohms is interposed across the 
contact-breaker to prevent sparking. 


Chapter V 
ELECTRIC CLOCK MOTORS 


E saw on page 22, Chapter II, that if we pass an alternat- 
ing current through the primary winding of a transformer, 
secondary currents will be induced in the secondary 
winding, provided the starting and finishing ends of the 
secondary winding are connected together. 
The secondary, however, will not reach its maximum current at 
the same instant of time as the primary, but will lag behind by an 
angle, as previously described. 


LAMINATED 
ELECTROMAGNET 


ENERGI/ISING 
CO/L 


ae j A.C, SUPPLY 
a DDoe 


ALUMINIUM DISC 


FIG. I.—THE FERRARIS INDUCTION MOTOR 


This system of flux progression is made use of in both the Ferraris 
motors here described, also certain types of self-starting, synchronous 
motors which are described in Chapter VI. 


The Ferraris Induction Motor 


It is a well-known fact that when a pivoted copper disc is embraced 
by the poles of an alternating current electro-magnet, secondary 
currents are induced in the disc. These are termed eddy or Foucault 
currents. These eddies are necessarily of an opposite sign (i.e. direction) 
at any instant to the impressed E.M.F. of the operating coil, and 
therefore have the power of repulsion and attraction when reacting 


with the flux in the gap. 
86 
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To enable the disc to rotate, we must have a progressively shifting 
flux composed of two components, the first in phase with the supply, 
and the second out of phase by an angle, and therefore lagging 
behind the impressed voltage by a certain interval of time, thus 
creating a reactiorr with the disc, the speed of which depends upon 
the time constants between the maxima and the frequency of the 
supply. 

In Fig. 1 we have the essentials for a Ferraris motor. An alumin- 
ium disc is pivoted in jewelled bearings and arranged to rotate within 
the poles of a laminated electro-magnet. One pole of the magnet is 
embraced by the closed circuited copper band. An energizing coil is 
wound on the other limb, the ends of which are connected across the 
supply terminals. Two components are thus set up in the gap, one 
in phase with the supply, and another out of phase by an angle ¢, 
due to the inductance of the copper band, which forms a short- 
circuited secondary, exactly as described for a simple transformer. 

A progressive flux is thus set up, which, reacting with the disc, 
drags it round at a speed which is below synchronism, but this is 
another matter, and will be dealt with later. The advantages of such 
a device as described for a clock rewind mechanism are numerous. 
To name a few: 

There are no contacts. 

No ratchet wheels or pawls. 

No shock at the moment of wind. 
Extremely simple, very few working parts. 
Very silent in operation. 


Types of Ferraris Wound Clocks—The “Siemens”’ 


The first type of Ferraris motor clock to be described is the 
“Siemens”, and in this particular pattern the disc is pivoted in a 
horizontal position in relation to the going portion of the clock, thus 
relieving the bottom bearing of a certain amount of its weight. At the 
same time a plain driving pinion can be used in the first stage of the 
gearing in place of the usual worm as fitted into other models. This 
arrangement is shown in Fig. 2. 

It is a well-known fact that the upward thrust brought about by 
the rotation of a comparatively fast-moving worm is considerably 
more than that of a pinion and gear of the same ratio; the coefficient of 
friction is also greater, which is a definite drawback, especially as the 
torque of this particular gear is very limited. 

In Fig. 2 a pivoted aluminium disc, A, is mounted on suitable 
bearings, one of which is anchored to the clock plate, while the other 
is mounted on a suitable extension of the clock frame, as at B. 

Embracing the outer circumferential face of the disc, is the electro- 
magnet circuit C, containing the energizing coil D; one limb of the 
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system is embraced by the copper short-circuiting phasing band E. 
A pinion F mounted on the end of the rotor shaft meshes with the 
wheel G, which, by the way, is a free working fit on the extension of 
the arbor H. A spiral spring J has one end attached to the collett of 
the wheel G, while the other end is hooked to a suitable bush 7, 
fitted on the extension of arbor H. 

When the coil D becomes energized, secondary currents are also 
set up in the phasing band E. These currents are out of phase by a 
certain angle to the impressed voltage as already explained, thus a 
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FIG. 2,.—-SIEMENS FERRARIS MOTOR-WOUND CLOCK MECHANISM 


progressive flux is set up in the gap, which, reacting with the disc, 
brings about rotation on the well-known Ferraris principle. As the 
disc rotates, the pinion F drives the wheel G, which in turn winds the 
spring J, driving the clock mechanism, through the centre arbor 
extension H. What could be more simple than this arrangement, 
since it is automatic in its action, and the working forces applied to 
the clock mechanism are practically constant? 
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Phase Shifting Methods 


In the majority of cases, the quadrature or phasing barid of the 
system is composed of a solid, short-circuited, single turn, embracing 
one limb of the electro-magnet system as already described. This 
particular method of creating a progressively shifting magnetic flux, 
however, is not the only one adopted. There are many modifications, 
one of which is illustrated in Fig. 3. As will be seen, in place of the 
usual solid band we have a complete secondary winding A, the 
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FIG. 3.—-FERRARIS MOTOR WITH VARIABLE RESISTANCE LOOP 


starting and finishing ends of which are electrically connected to a 
short-circuited resistance loop B; a sliding contact bridge C is capable of 
being clamped in any position, up or down the loop by the screw D, and 
is, therefore, able to control the current circulating in the working coil A. 

The principle of operation of this gear is the same as the solid band 
—the currents induced in the secondary winding lag behind the primary 
by an angle, thus setting up a progressive flux in the ordinary way; 
the disc would normally rotate at a speed proportional to the phase 
angle between the secondary and the impressed voltage, at the declared 
voltage and frequency. 


Method of Adjusting Speed and Torque of the Disc 


If we can vary the currents circulating in the secondary winding 
by means of the resistance, not only is the maximum rotor speed 
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arrived at, but also (which is much more important) the maximum 
torque. . 

The procedure consists of adjusting the slider C until maximum 
results are attained, after which the slider is clamped in position by 
the screw D. 


Permanence Factor of the Motor 


The variable resistance is also very useful for arriving at the actual 
order of merit which classifies this particular type of motor, and is 


ADN 


MIN 


BOTTOM BEARING > fal 


FIG. 4.—-FERRARIS MOTOR CLOCK WITH DISC PIVOTED IN A VERTICAL PLANE 


generally expressed as a permanence or stability factor, which repre- 
sents the figure with the disc at normal loaded revolutions, thus: 
Torque 
Weight of Rotor x Speed of Disc’ 
Then, assuming the torque to be 4 centimetre-grams and the 
weight of rotor 12 grams, with a fully loaded speed of 20 revolutions 
per minute, 


Permanence Factor = 
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If the torque is higher, or the revolutions lower, it is easy to see 
that the permanence factor will be higher; the lowest loaded revolu- 
tions combined with the highest torque is the ideal to be aimed at. 


Another Type of Ferraris Motor 


Fig. 4 is another well-known example of a Ferraris wound clock, 
and in this type the disc is pivoted in a vertical plane. At the upper 
end of the rotor shaft A is fitted the worm B, which, in turn, meshes 
with the wheel C. This, through the medium of the pinion D, drives 
the wheel E. Concentrically fitted and a free fit on the arbor of this 
wheel is the wheel F, and the barrel G; a light spring is contained in 
the barrel, the inner end of which is hooked to a suitable bush fixed 
to the shaft, while its outer end is attached to the inner circumference 
of the barrel, in a similar manner to standard watch practice. 
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FIG. 5.—RESONANT FREQUENCY METER 


The remainder of the clock consists of a pinion H driving the 
crown wheel J, which finally drives the platform escapement 7. 

To put the apparatus into effect, the disc A in its rotation winds the 
spring through the medium of the worm B and the gear C, and so 
through the pinion D and wheel E, the spring is wound from its inner 
end in barrel G. From outer end of spring, energy is transmitted through 
the outer circumference of barrel to wheel F and pinion H to the crown 
wheel J, and finally the platform escapement 7 is kept in motion. 

As the energy falls off, due to the going of the clock, the disc slowly 
rotates to make up the deficiency, as already explained. 

The various designs and modifications of the Ferraris motor are 
extremely wide, and apart from the operation of clocks, they are 
largely used as time elements in connexion with electricity meters. 

The rotor need not follow the conventional disc form, but may be 
bell-shaped, or even tubular in form, the basic principle being the 
same whatever the shape of the element or general arrangement 
adopted to bring about flux progression. 
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The Vibrating Reed 


When a number of steel reeds are brought near the poles of an 
alternating current electro-magnet, the reed which has a natural 
period of vibration corresponding to the frequency of the magnetic 
field will be set in resonant vibration. Professor Aytron, who first 
discovered this, made use of it in a frequency meter. 

This instrument is shown in Fig. 5. The meter was largely used 
for frequency control in generating stations prior to the master clock 
and synchronous motor. For frequency measurement, it is now being 
superseded by the deflectional moving-iron meter. 

The clock gear here described depends for its primary motive force 
upon the vibrations of an armature set in resonance. These minute 
and rapid oscillations are utilized to wind a spring and store energy, 
which is used to drive an escapement in the ordinary way. 
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FIG. 7.—-CLUTCH MEMBER AS USED IN THE VIBRATORY REWIND SYSTEM 


Venner Vibrating Rewind Motor 


On studying Fig. 6, it will be seen that an armature A is made to 
vibrate close to the poles of an A.C. electro-magnet during the process 
of rewind. 

This is made possible by the springs S and $1, which are tuned 
to resonance, and are, therefore, a multiple of the frequency, the basic 
principle being exactly as described in the previous remarks dealing 
with the resonance frequency meter. 

To the centre of the armature A is attached the inner circumference 
of a clutch B through the medium of the hollow shaft C. The clutch 
is accurately machined from steel and contains three declivity shaped 
serrations round its circumference, as shown in Fig. 7. Three spring- 
loaded hardened steel rollers normally take up a position between 
the deepest part of the serrations and the inner circumference of the 
outer barrel D, Fig. 6. A similar clutch is fitted to the opposite side 
of the outer barrel, but its serrations are arranged in an opposite sense 
to those already described. To the inner centre axis of this clutching 
barrel is fitted the shaft E, to one end of which is fitted the pinion F. 
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The small oscillations set up in the armature are transmitted to the 
clutch body through the hollow shaft C, and are here converted into a 
one-way progression in the following manner. 


Operation 
The inner portion of the clutch can only rock in a clockwise 
direction since any movement in the opposite direction rotates the outer 
barrel, due to the wedging action of the rollers riding up the inclined 
surfaces of the serrations, no matter how small the movements may be. 
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FIG. 8.—TYPICAL ARRANGEMENT OF A HIGH-SPEED SYNCHRONOUS MOTOR 


The opposite clutch is used to hold the drum while gathering 
takes place, hence the necessity for placing them to oppose one 
another. 

Continuous progression, therefore, takes place, and the shaft E 
rotates, and through the pinion F motion is transmitted to the gear G, 
which rotates the screw H, unscrewing the collar J in a direction away 
from the spring barrel 7, at the same time winding the spring con- 
tained therein. 

As the wheel G rotates, it carries round the spring loaded pawl K, 
which at every revolution is tripped past the pin L which is rigidly 
anchored to the clock plate. 

As the collar I winds itself along the screw, it also carries with it 
the rocking member M, the upper end of which allows the pivoted 
contact striker spring JV to approach nearer and nearer the direct path 
of the tripping pawl K against a return spring. 
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At the last revolution, the pawl K trips past its pin and strikes 
upwards the member WN which is now directly in its path, thus separat- 
ing the contacts P and P1 through the striker pin Q. 

Rotation now stops with the interruption of the electrical circuit, 
and the going spring is in its wound position, while the screw collar 
reaches its outward location in relation to the face of the going 
barrel. 

As the clock unwinds, the collar is slowly screwed back due to the 
rotation of the barrel through the driving pins R and R1, while the 
striker NW is deflected from the contact path by the backward travel 
of the member M against the pull of a return spring, allowing the 
contacts to close due to their springs, and so the sequence is repeated. 


FIG. 9.—TYPICAL ALTERNATING CURRENT CURVE 


This type of mechanism generally contained a movement of the 
jewelled lever escapement pattern, and gave many years satisfactory 
service in time switches, and so on, until it was superseded by the 
synchronous motor. 


The Synchronous Motor Clock 


Standardization of the supply frequency at exactly 50- cycles per 
second has been general throughout the country, thus bringing 
the synchronous clock within reach of householders even in many of 
the remotest villages. 

In general, synchronous motor clocks are either of the non-self- 
starting variety, in which case the initial starting is carried out by 
hand, or the self-starting type, in which the rotor is run up to syn- 
chronism electro-inductively, or by means of impulse starting. 


These types may be sub-divided into: 


(1) High-speed synchronous motors with inductive starting. 
(2) Slow-speed motors with inductive starting. 
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(3) Those with two-pole fields and two-pole rotors. 

(4) Two-pole sub-divided fields and multi-pole rotors. 

(5) Multi-pole closed circuited stators with equal pitched rotors. 

(6) Multi-pole stators with unequal pitched rotors. 

(7) Those with separate Ferraris drive as a running up medium 
between the induction rotor and the synchronous rotor, etc. 


The limits of types are extremely wide, and new designs appear 
from time to time. It is outside the scope of this work to describe every 
individual type, but a fair survey of the patterns now in general use 
will be given in the next chapter. Meanwhile the principle is described 
below. 


Principle of Operation 


The simplest arrangement of a synchronous clock motor is shown in 
Fig. 8. It has a rotor of solid steel, the steel chosen having appreciable 
magnetic hysteresis—i.e. the property of resisting a change in its 
magnetism in spite of the reversal of polarity of the magnetic field 
which induced it. This rotor is mounted between the poles of an 
electro-magnet energized from the alternating current supply. 
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FIG. 10.—SQUIRREL-CAGE ROTOR WITH A SYNCHRONOUS ELEMENT INCORPORATED 


A typical alternating current wave curve for 50 cycles is shown 
plotted in Fig. 9, from which it will be seen the direction of the 
E.M.F. (electro-motive force) is reversed twice in every cycle. The 
thick line at A, B, C and D indicates the points at which the current 
is changing most rapidly, and the magnetic flux is also changing 
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in sequence. It is positive at A, negative at B, positive at C and again 
negative at D, and so on. 

What the rotor of a synchronous motor does is to follow faithfully 
these changes in step electro-magnetically. If it is a two-pole motor it 
completes half a revolution at the first or positive half of the wave, and 
the remaining half-revolution in the negative half of the cycle, or a 
speed of 50 x 60 = 3,000 r.p.m. due to the magnetizing and demagnet- 
izing of the alternating field of the embracing stator poles. 


Ferraris Method of Self Starting 


Such a rotor has no power of running up to synchronous speed; 
it has to be brought up to this speed before it will run by itself, 
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FIG. I1.—SELI*STARTING SYNCHRONOUS MOTOR (SQUIRREL-CAGE TYPE) 


Artificial means must be provided (in the case of the self-starting type) 
to bring this about. 

In the case of the high and moderate-speed self-starting types, the 
Ferraris induction drive is used for this purpose; either the induction 
portion is coupled direct to the rotor shaft and embraced by a separate 
stator system, or it may be incorporated in the same rotor and em- 
braced by the same stator poles. This latter system is now almost 
universal. Thus we now have an induction element for running up to 
synchronism, after which the synchronous portion takes control, 
since the torque of an induction rotor at synchronism is zero. 
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Squirrel-cage Induction Motor Method of Starting 


In certain circumstances the induction or running-up medium may 
not follow the conventional “Ferraris” form, but may be of “squirrel- 
cage” construction, the rotor of which is shown in Fig. 10. 

The motor shown is for a type of motor intended for vertical 
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FIG. I2.—-TYPICAL LAY-OUT OF A 
SYNCHRONOUS MOTOR CLOCK WITH 
SPUR WHEEL DRIVE 


mounting, i.e. with the rotor shaft in a vertical plane. The rotor 
A may be constructed from commercial iron, or alternatively, cobalt 
steel. 

There are six slots formed round its circumference which are 
made deep to accommodate six copper bars; these in turn are in 
electrical connexion with two copper end-rings B and C as shown. 

The complete rotor is embraced by a two-pole stator, Fig. 11, 
fitted with the phasing rings B and Bl, as shown. Thus we have 
an induction motor for running up to speed and a synchronous 
portion formed by the iron between the poles, thus taking charge 
when synchronous speed is attained. 
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The theoretical speed of the induction element of this design, 
due to the number of poles, is greater than that attained by the 
synchronous portion of the rotor, but the torque is not great enough 
to carry the rotor through synchronism. This critical point is reached 
when the inductive.torque is practically zero, at which moment the 
synchronous element takes charge and is pulled into step with the 
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FIG. 13.—-LAY-OUT OF A SYNCHRONOUS MOTOR CLOCK WITH WORM AND PINION DRIVE 


frequency. This motor was designed for a speed of 1,000 revolutions 
per minute, made up as follows: 
The stator or field system being bi-polar, two rotor poles pass 
in one cycle, thus: 
Number of poles on rotor = 6 
S A on stator = 2 
Then at 50 cycles per second two poles pass in 0-02 second. Six 
poles therefore pass in 0-06 second, which is equal to one revolution 
of the rotor. 


Revs. per second =] /0-06. 


60 
Therefore total speed per minute =906 7 1,000 r.p.m. 


Gearing Down to One Revolution per Hour 


Now it only remains to gear the motor down suitably from its 
normal revolutions to one revolution per hour, and the result is a 
clock the timekeeping qualities of which are unequalled by any 
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spring-driven mechanism made, provided the supply frequency is 
controlled correctly. 

The synchronous clock has been described as a “revolution counter”. 
In a sense this is correct, since the original synchronous motors ran at 
the same speed as the large turbo-generators installed at the generating 
stations, i.e. 3,000 r.p.m.; the reduction gear between the rotor 
and the hands of the clock merely indicate the revolutions taken by 
the turbo-set in one hour at minute intervals, etc. 

The main types of synchronous counting trains, as used in the modern 
clock are two: the first is of the ordinary spur wheel variety, whilst 
the second will cover the worm and pinion drive. 

A typical diagram of a modern slow-speed clock is shown in Fig. 12, 
which needs very little explanation. A multi-pole slow-speed motor A, 
running at 200 revolutions per minute, drives through a silent bake- 
lized-fibre gear B the wheels C and D which in turn operate the hour 
arbor. 

The ratio, therefore, between the motor pinion and the minute 
hand shaft = x x = = a made up as follows, = x 2 x £, 
or any other similar multiple. 

Fig. 13 shows a general lay-out of a typical worm and pinion 
drive. This system, like the one already described, contains a silent 
fibre wheel at the first stage of the drive, i.e. between the rotor 
pinion and first wheel. The ratio is, of course, the same as described 
above. 

This latter method has the advantage of general simplicity and 
the saving of one gear in the train, since the final reduction of sixty 
to one is practically an impossible proposition with a single spur 
gear and pinion, but is quite easy to obtain with the worm and pinion, 
for which it is in fact quite a normal ratio. 

Take a typical example. Assuming a pinion to have ten teeth, 
then the hour wheel must have 10x60=600 teeth. The obvious 
method, therefore, consists of splitting the ratio by introducing an 
extra gear at this point, thus: 

10. 6 60 
aa te 
Individual makes of gearing are dealt with in the next chapter. 


Chapter VI 


SELF-STARTING AND HAND-STARTED 
SYNCHRONOUS MOTOR CLOCKS 


N this chapter synchronous systems are explained in detail. The 
first is the famous “Warren” or “Synclock” hysteresis motor, 
and is of the high-speed, self-starting type. It was probably 
the first successful system to be developed in this country, and 

is still one of the most popular motors in use now. 


The Warren Clock 


This system incorporates a high-speed rotor running at 3,000 
revolutions per minute. The small rotor weighs but a few grams, and 
drives, through a suitable train of 
gears, a final pinion timed to 
make one revolution per minute. 

One outstanding feature of the 
design is that both the rotor and 
its associated reduction gears are 
housed in a sealed, drum-shaped 
chamber containing oil, forming 
a bath capable of effectively lubri- 
cating both the rotor shaft and 
its intermeshing gears for a long 
period without attention. 

The system is extremely simple. 
Its external components are 
clearly shown on reference to 
Fig. 1. Here we have a laminated 
bi-polar stator seen at A, the poles 
of which are fitted with two 
copper short-circuiting or phasing bands, one only of which is shown at 
B. At the top of the electro-magnet system is seen the energizing coil 
C. By this arrangement, a progressively shifting flux is set up in the 
rotor gap when the coil of the system is connected across an alternating 
current supply exactly as explained in a previous chapter. 

Situated in the circular gap of the stator system is a sealed tube. 
This tube is made a press fit between the stator poles; details of it are 
shown in Fig. 2, where it will be seen that it is an extension of the 
main gear housing already mentioned. 

IOI 


FIG. I.— EXTERNAL VIEW OF SYNCLOCK 
MOTOR WITH GEAR HOUSING 
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The whole of this housing forms, as previously stated, an exceed- 
ingly neat oil bath, and is detachable from the main magnet as a single 
plug unit. 

Concentrically placed and free to rotate within the smaller exten- 
sion are two rotor discs, one of which is shown clearly in Fig. 3. 
These discs are made from high magnetic remanence cobalt steel and 
are fitted a friction fit to the driving shaft. 

It will be noticed that the formation of these discs is somewhat 
peculiar, consisting of an outer periphery connected across the centre 
by an arm formed by the two cut away portions, as shown. 
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FIG. 2.—INTERNAL VIEW OF SYNCLOCK REDUCTION 
GEARS AND ROTOR DISCS 


The action of this rotor when acted upon by the stator flux is 
briefly this: 

The outer ring possessing a high magnetic remanence, due to the 
material of which it is constructed, lags behind the actuating flux in 
the gap, the ring portion is therefore dragged round by its own 
hysteresis until the two-pole portion pulls itself into synchronism 
with the frequency. This point is reached almost instantaneously with 
the switching on of the current. 

The motor could be described as “‘truly synchronous” since the 
time interval between running up and synchronous speed are practic- 
ally identical, while other types employing the induction drive have a 
definite running-in period, i.e. the time taken for the induction element 
to run the rotating system up to synchronism. The rotor of the 
above system runs at 3,000 r.p.m. since both the rotor and stator are 
bi-pole, but a multi-pole rotor has now been developed, running at 
a correspondingly slower speed on the initial spindle. 

The high starting torque is due to the fact that the poles induced 
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FIG. 4.—MULTI-POLE STATOR PLATES FIG. 5.-——-BACK VIEW OF STATOR 
SANGAMO MOTOR HOUSING SHOWING QUADRATURE 
PLATES 


FIG. 6.—ENERGIZING COIL OF SANGAMO FIG. 7.-—- FRONT VIEW OF SANGAMO MOTOR 
MOTOR SHOWING FERRARIS DRUM AND SYNCHRONIZING 
MAGNET 
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in the rotor rings by the rotating field persist for the fraction of a 
second after the induced magnetism has advanced, and therefore tend 
to follow the field. 

Subsequent magnetic reversals overcome these local poles in the 
rings and set up new poles, but the rotor, meanwhile, has moved in 
the direction of the new poles. At first there is a progressive shifting 
ofi the poles on the circumference of the rings, but as the speed in- 
creases, the torque continues until synchronism is reached, this taking 
place within two or three cycles, when the local poles in the rings 
remain in step with the rotating field. 


The Sangamo Clock 


The Sangamo clock is of multi-polar construction and is ofi the self- 
starting type. The unique feature of the system is the disposition of 
its stator poles and its rotor construction. The arrangement of the 
stator is shown in Fig. 4. It will be seen there are fifteen internal pole 
projections formed on the outer circle, so arranged to embrace fifteen 
similar inner projections. A small air-gap separates the poles. 

The outer pole plate is in magnetic connexion with the soft-iron 
housing shown in Fig. 5, while the inner plate is in similar contact 
with the core, shown in dotted lines, Fig. 4. Concentrically fitted on 
this core is an energizing coil (Fig. 6), the outer circumference ofi 
which fits into the soft-iron housing (Fig. 5). Two co-axial slots will 
be seen cut at opposite points on this housing. These are provided 
to accommodate the two phasing or quadrature plates, as shown. 
These are necessarily connected to opposite positions in relation to 
the pole plates, as also are the two halves of the housing, i.e. one is 
connected with the back plate through the arm extension shown, 
while the other is connected by similar means to the front plate. 

An aluminium drum shown by A (fig. 7), contains a shaft, B. This 
shaft also projects on its underside, forming the main axis support. 
Two co-axial slots, C and Cl, are cut away in such a manner as 
to coincide and be in track with the stator pole projections when 
assembled, and to allow a small multi-pole cobalt steel magnet D 
to reach a position in close proximity to the stator poles. 

Rigidly attached in the centre of this member is a driving pinion 
E. This pinion, and therefore the magnet, is a working fit on the 
shaft and is capable ofi independent angular movement in relation to 
rotation ofithe drum. The pole projections shown at F are ofiequal pitch 
to the stator. This, then, forms the synchronous part of the system. 

Reverting to Fig. 4, an oil packed bearing is fitted in the centre 
to take the main shaft projection; thus, when assembled, the aluminium 
drum completely embraces the whole circumference of the stator 
system and quadrature plates. 

Between the inner and outer stator cheeks is the energizing coil, 
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the inner diameter of which surrounds the core extension integral 
with the smaller stator pole plate. 

The coil, complete with core and stator, is then fitted into the main 
housing, the inner dimensions of which are so arranged that the coil 
exactly fits, after which the outer pole plate takes up a position with 
its poles in mid-pitch with those on the smaller plate. A small air, 
gap separates the two stampings, as shown. We have, therefore, 
opposite poles at either end of the stator system in addition to unlike 
poles at each half of the stator circumference interacting with the 
underside of the aluminium rotor. 


Operation 

Assuming the motor to be connected across an A.C. supply of 
50 cycles, the working coil becomes energized. Then, since the stator 
poles are magnetically connected to the top and bottom of the electro- 
magnet system respectively, the polarity is north and south at any 
instant at any pair of poles, as is also the flux at the two cut away 
sections C and C1 (Fig. 7), also the two circumferential halves of its 
soft-iron periphery. 

The two copper quadrature or phasing plates, however, are ar- 
ranged to react with their respective north and south poles; 
circulating currents are, therefore, induced in these, lagging behind the 
impressed E.M.F. and setting up a progressively shifting flux at these 
two points. The aluminium drum now acts as a Ferraris motor and 
rotation takes place, but in doing so it carries round the small polarized 
armature D, Fig. 7, which is normally held magnetically by its own 
mutual attraction to the stator poles situated immediately underneath 
its pole extremities. 

The small angular lead given, due to the length of slots B and B1, 
is necessary to ensure a snappy start due to the small preliminary 
run of the aluminium rotor. 

The system is then run up to speed electro-inductively until the 
synchronous portion formed by the small multi-pole magnet is 
pulled into step with the stator poles or synchronism, at which point 
the torque of the Ferraris or induction system is zero. 


The slow synchronous speed is brought about as follows: 
Number of poles on stator = 15 outer and 15 inner = 30. 


Then since the rotor is of multi-pole construction and of equal 
pitch to the stator poles, and two poles of the rotor are active per cycle: 


One revolution of the rotor takes place in 30/2 = 15 cycles. 
Number of cycles of A.C. supply = 50 per second. Then time taken 


1 second 
for one cycle = Jada 0:02 second, 
r.p.m. = e = 200 r.p.m. 


~ 0-02 x 15 
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The Venner System 


Figs. 8 and g illustrate the “Venner” multi-pole, impulse starting 
system. The motor represents one of the latest efforts of modern 
design. 


ANNULAR DRUM, 


ENERG/SING 
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FIG. 8.—(Left) SECTION OF 
BAKELIZED VENNER SYSTEM SHOWING 
FIBRE UNIDIRECTION CAM AND DRIVE 
WHEEL 


MAIN 
BEARING DRIVING PINION 
~~ /RON VANES 
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FIG. 9.— (Right) VENNER 
MULTI-POLE IMPULSE START- 
ING MOTOR, SHOWING 


STARTER VANES COBALT STEEL ROTOR ~N” : STATOR 


J 


CONNECTING LEADS 


The torque of this system is extremely high. At the same time the 
instrument possesses starting properties unequalled by almost any 
type containing an inductive element for running up to synchronism. 

When dealing with inductive starting, it has been mentioned that 
an appreciable time is taken during which the Ferraris element is 
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running the synchronous rotor into step with the frequency, after 
which time the rotor is controlled absolutely by the frequency. At 
the instant of synchronism, the torque of the inductive drive is 
practically zero. This period is now generally taken into account 
and is termed “running in period”. 

From Figs. 8 and 9, it will at once be seen that the stator system 
is of the closed magnetic circuit type, and is therefore of extremely 
efficient design, while the disposition of the poles consists of fifteen 
inner and fifteen outer, forming a total of fifteen magnetic reversals 
about the rotor, per revolution; actually two poles are active per cycle. 

The rotor of the system contains six 
main sub-divided projections, making Fete ike. „~ BALLS 
a total of twelve poles in all. Highly he %, 
polarized cobalt steel is used in its 2, 

ond 


manufacture, and the efficiency is 
Mannan CAM 


therefore very high. 

A soft-iron spider containing six 
spoke-like projections is rigidly fixed 
to the shaft in such a manner that each 
arm takes up a position midway be- | Fic. 10.—-DOUBLE CAM AND LOCK- 
tween the main rotor poles, as shown MO DA pa aes ae ca 
in the drawing. The extremities of these 
auxiliary poles contain a flat extension, set at right-angles to the arms, 
their object being to increase the iron mass at this point and there- 
fore the general efficiency. 


The Working Sequence 


The working sequence, from the moment of switching on, is as 
follows : 

At the instant current circulates in the winding, the poles contained 
within the stator housing become instantaneously magnetized north 
and south at any period of the cycle. That is, the outers may be 
north and the inner ring south. As the cycle changes, the reverse 
order is brought about, the polarity now becoming south and north, 
and so on. 

The fact of the rotor teeth being out of pitch with the stator means 
that the particular tooth concerned will tend to move towards a 
position of the greatest magnetic flux of opposite polarity, which in 
this case would be its next and opposite pole directly in its track. 
At the same time, one arm of the iron spider is moved nearer to an 
active pole and is therefore dragged round by an amount sufficient to 
throw the rotor into synchronism, bearing in mind the slow-speed 
characteristics of the system. 

Normally with such an arrangement as described it would be pos- 
sible for an impulse to start the motor in either direction, depending 
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upon which side of the poles in question the spider arm happened to 
be out of pitch. Some means therefore is necessary to ensure rotation 
in the required direction only. 

Reverting again to the drawings, it will be noticed that the first 
wheel of the drive has attached to its arbor a double elliptical cam the 
projections of which rotate in close proximity to the inner circumference 
of an annular drum. Before being assembled, two balls are placed, 
one on either side of the cam’s steepest profile. A plan of this is 
shown by Fig. 10. Fitted con- 
centrically into the housing 
is the supporting bearing 
enclosing the pivot in the 
usual way. 


LEAD IN WIRES | 


» 


Ingenious Stop to Re- 


DRIVING verse Impulse 


PINION i é 
It is easy to see that with 


such an arrangement, rota- 
tion in one direction only 
is possible, since should a 
reverse impulse occur, the 
balls instantly ride up the 
curved cam profile and ar- 
rest its progress, due to their 
wedging action against the 
side of the chamber. 
Because of this partial 
rotation the spider arm has 
taken up a position again 
favourable to the pole, thus 
after one rebound conditions 
are reversed. In conse- 
quence of this the rotor now starts in its correct direction, while the 
balls are carried round by the cam, which rotates in its free direction. 
The whole sequence only takes a fraction of a second to carry out. 


INSULATING BUSH 


FIG, II.— FERRANTI HIGH-TORQUE SYNCHRON- 
OUS MOTOR 


Ferranti “High Torque” Model 


In circumstances where a very high torque is required, such as the 
operation of “‘chimes”’ or small outside clocks, it is often found necessary 
to employ a motor capable of exerting more power than that required 
to operate the simple train of wheels and small hands of the ordinary 
domestic pattern. 

Although the types explained previously are quite capable of doing 
this extra work, the model now to be described was designed especially 
to meet these conditions. 
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Fig. 11 is an assembled view of the system, which it will be seen 
consists of an outer circumferential pole ring containing fifteen out- 
ward projections developed on the edge of the housing. 

This stator is linked magnetically to an inner pole plate, around the 
periphery of which is formed fifteen inner projections. The two units 
are yoked together by a central iron core, in such a manner that alter- 
nate poles interleave without touching one another. Before being 
assembled an energizing coil is housed concentrically within the 
annular space formed by the inside of the carcass and pole plate. The 
whole forms the electro-magnetic element of the system in a similar 
manner to those previously explained. 

In the centre of the core 
is fitted an oil packed bear- 
ing which supports the rotor 
shaft and supplies adequate 
lubrication for long periods 
without attention. 


Rotor with Unequal 
Arms 


To the outer end of this 
shaft is attached the rotor, 
which is of special construc- 
tion; it contains six sub- 
divided arms, three of which 
are of slightly larger pitch 
than their neighbours. Although this is not shown as such, we have, 
therefore, an arrangement incorporating three equal-distance arms in 
pitch with the stator, and three out-of-pitch arms. When at rest, one 
or more poles must be near to, but not coincident with, adjacent 
and opposite stator poles. Under working conditions, with its coil 
connected to an alternating current supply, a small angular move- 
ment is first of all given to the rotor due to this cause, imparting an 
impulse of sufficient impetus to throw the rotor into synchronism with 
the supply frequency, bearing in mind the slow-speed characteristics of 
the system, and the large number of poles covered in one revolution of 
the rotor. This is shown clearly in Fig. 12. 

This system, like the one explained on page 107, would normally 
be capable of starting in either direction; this, however, is prevented 
from taking place by the application of an extremely simple cam and 
pawl device, the arrangement being clearly shown by Fig. 13. 


FIG. I12.—PLAN OF. FERRANTI SYSTEM 
SHOWING ROTOR ARMS AND STATOR POLES 


Ensuring One-way Starting 


This non-return system consists of a steel cam rigidly attached to 
the rotor shaft; a pawl pivoted to the frame and lightly spring-loaded 


IIO 


takes up a normal position with 
its nose lightly resting, without 
undue friction, on the circumfer- 
ence ofthis cam. Should a reverse 
impulse occur, progress is in- 
stantly arrested by the extremity 
of the pawl coacting with the 
notch. The rotor then rebounds, 
not by mechanical recoil, but by 
magnetic reaction; thus an im- 
pulse is imparted in the required 
direction, of sufficient magnitude 
to ensure a snappy start. The 
whole sequence, from the instant 
of switching on to synchronous 
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FIG. 13.--FERRANTI ROTOR CONTAIN- 
ING NON-RETURN PAWL AND CAM 


speed being reached, only takes a fraction of a second, the speed being 


200 r.p.m. 


Figs. 14 and 15 are views of the system showing the stator complete 
with the outer poles, the central iron core linking the front plate with 
the stator; a section of the winding, the main bearing which contains 
a very large oil reservoir, and finally the cobalt steel rotor, complete 


with shaft and driving pinion. 


Hand-started Clocks 


The hand-started synchronous motor clock constitutes a very large 
percentage of the motor clocks now in general use. Some typical 
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FIG. 14.—VIEW OF FERRANTI STATOR, WITH 
INNER POLE PLATE AND 


CENTRAL CORE, 
WINDING EXPOSED 


SECTION OF 
WINDING 


INNER STATOR 
PROJECTIONS 


examples are described 
below. 


The “Synchronomains’’ 
Clock 


This system is of the sub- 
divided bi-polar variety, the 
rotor of which is arranged 
to rotate at 200 revolutions 
per minute, driving the 
hands in the ordinary way 
through a worm and pinion 
reduction gear. 

Fig. 16 shows a laminated 
two-pole stator A, containing 
a number of subsidiary poles 
within its circumferential 
gap. At the base will be 
seen the two energizing coils 
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B and B1. These are necessarily wound to give opposite polarity at 
any instant, i.e. north and south. Embraced by this pole gap, and 
in close proximity to the subsidiary poles is pivoted a steel rotor C. 
This rotor has thirty cog-shaped teeth projections machined round its 
circumference, matching up in pitch with those on the stator. 

Two oil packed bearings attached to the main clock plates form 
the pivot supports for the rotor shaft; these are shown in Fig. 17. A 
small flywheel D is also a fit on the shaft, its purpose being to prevent 
hunting and to give 
general stability to the 
system. 

The action of the 
motor is very simple; 
the working sequence Oll WELL 
will be readily under- 
stood by the following 
explanation: | 

Assuming the coils 
are energized by an 
alternating current of 
50 cycles, the mag- 
netic flux surrounding 
the rotor teeth be- 
comes alternately 
north and south at 
any instant due to the 

. . FIG. 15.--EXPLODED VIEW OF THE FERRANTI 
periodicity and rate of a OTOR AND HEARING 
change of the supply; 
the magnetic flux of the stator poles is therefore also changing rapidly 
in similar sequence. 

When we spin the rotor up to synchronous speed by means of the 
hand-starting device provided, the teeth of the rotor being of equal 
pitch to the stator are pulled into step or synchronism with the stator 
flux, and rotate at a speed proportional to the number of teeth on 
rotor and stator and frequency of the supply. Thus, two poles pass 
in one cycle and since there are thirty poles the speed equals 200 r.p.m. 


BEARING SHAFT DRIVING 
PINION 


Example: 2 poles pass in 1/50th or 0-02 second. 
30 poles therefore pass in 15 X 0-02 = 1 rev. in 0*3 second, or 
60/0-3 = 200 r.p.m. 


Should such a motor stop through any reason, an indication is 
shown to this effect through a slot in the dial: the arrangement con- 
sists of a disc containing red and white sections attached to the rotor 
shaft and arranged to be visible through the dial slot mentioned. 
This is not shown on the drawing. 
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Synchronomains Hand-starting Device 


The hand-starting knob, shown by A, Fig. 18, extends through the 
back of clock case and is rigidly fixed to a shaft, the location of which 
is between the main wheel plates. 

Fitted a tight fit to this shaft is an arm shown at B; to the outer 
end of this is carried a light flexible length of spring C. This spring 
is of such a length that when member B is in mid position the extremity 
just engages with one leaf of the driving pinion D; thus, on giving the 
knob a twist in a direction from right to left, engagement with the 


OIL PACKED 
BEARING 
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FIG. 16. — SYNCHRONOMAINS FIG. 17.— SIDE VIEW OF SYNCHRONO- 
SYNCHRONOUS CLOCK MOTOR MAINS CLOCK MOTOR 


pinion spins the rotor to the required speed to attain synchronism. 
The system then continues to function so long as the supply is un- 
interrupted. The two stops E and El limit the travel and therefore 
tend to make the starting impulse definite. 


The Smiths Synchronous Motor 


The Smiths motor is of the multi-pole semi-closed magnetic circuit 
type and is of extremely efficient design. 

As shown in Fig. 19, the stator housing is in two halves. Fifteen pole 
projections are formed on each half in such a manner that when the 
two halves are assembled the pole projections take up a mid-pole 
position in relation to each other, i.e. the pole projection of one fits 
midway between the two adjacent projections of the opposite housing, 
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without touching, while the outer flanged rims meet in. magnetic 
contact. 

Before being assembled the energizing coil (Fig. 20) is fitted between 
the two halves, thus under working conditions there is a north and 
south pole at any instant at any adjacent pair of poles. 

Free to rotate within the pole formations is a cobalt steel rotor 
with a shape shown by Fig. 19. The rotor is carried by a brass cup- 
shaped flywheel and a burnished steel pin, which rotates in a sintered 
bearing. The flywheel also carries a driving pinion for the gear train. 

It will be seen that there are six main arms or poles on this rotor. 
These are sub-divided at their extremities so as to prevent any possi- 


FIG. 18.—SYNCHRONOMAINS HAND-STARTING GEAR 


bility of magnetic interference, which would tend to cause demag- 
netization. 

The rotor magnet is magnetized so that the arms are of alternate 
polarity, thus providing three main north poles and three main 
south poles. It will be noticed that in any position of the rotor 
alternate poles are nearest to opposite stator poles. 

Current consumption is 7:5 milliamps. The gear train reduces speed 
from 200 r.p.m. to one revolution per hour. The hour hand is driven 
concentrically by a 12/1 reduction from the minute hand spindle. 

When cleaning and oiling a clock the coil can be removed after 
prising apart the two halves of the stator. A sintered bearing should 
be soaked in Smiths Sectric lubricating oil, P.L. 2, for about two 
hours at between 70° and 80°C. and then allowed to cool in the oil before 
the surplus is wiped off with chamois leather. If the motor has the 
original plain bearing, P.L. 1 oil should be used. The energizing coil 
must be kept away from any oil and the stator housing should be 
wiped free of all oil before the coil is replaced. 

H 
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If the gear train is dismantled, all parts should be cleaned in a bath 
of watch cleaning fluid No. 3, or best quality benzine. These parts 
should be cleaned and dried before relubricating the bearings and 
reassembling. When reassembling see that stator halves are located 
satisfactorily. The motor will not run if stator teeth are touching. 

To start the motor, a lever, operated by the hand-setting knob gives 
the driving spindle a “flip? when the hand-setting knob is with- 
drawn sharply. 

In Smiths self-starting movements a piece of soft iron is mounted 
on the rotor; this has three arms set at angles of 120° around the rotor, 


Fic. 19.—PARTLY DISMANTLED VIEW OF SMITHS ‘‘SECTRIC” BIJOU MOVEMENT SHOWING 
STATOR AND ROTOR ASSEMBLIES (left) AND GEAR TRAIN ASSEMBLY (right) 


and the ends are bent at right-angles so that they are parallel to the 
stator teeth. When current is switched on, the arms of the three-pole 
star disturb the magnetic system and the rotor is moved sufficiently 
for the cobalt steel permanent magnets of the rotor to synchronize with 
the alternating polarity of the stator teeth. 

As it is not possible to determine the direction in which the rotor 
will start turning, a spring click is allowed to ride idly over a small peg 
attached to a gear wheel, or on the rotor shaft itself. Should the rotor 
start turning in the wrong direction, it is stopped by the peg coming 
into contact with the click, which bounces the peg away with sufficient 
speed to give the rotor the movement to start in the right direction. 
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FIG. 20.—SMITHS “SECTRIC”’ BIJOU SYNCHRONOUS MOTOR IN PART SECTION TO SHOW 
ENERGIZING COIL, FLYWHEEL, ROTOR AND SINTERED BEARING 
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FIG. 21.—A SIMPLE HAND-STARTED SYNCHRONOUS 
MOTOR OF CONTINENTAL MAKE 
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A Continental Clock 


Another system for hand-starting is represented by Fig. 21 and is of 
Continental manufacture; as can be seen, the main components are 
reduced to bare essentials. 

The main stator assembly consists of a double iron pressing, con- 
taining fifteen pole projections on each half, very similar to the type 
described above. The rotating member consists of a simple U-shaped 
permanent magnet the pole extensions of which point inwards between 
the air-gap formed by the inner and outer circumferential pole rings 
of the stator system. This is shown in Fig. 22. 

In pitch, these extremities are coincident to the stator span. The 
rotor is therefore magnetically locked across any pair of poles when 
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FIG. 22.—ARRANGEMENT OF THE STATOR TEETH AND ROTOR 
ON SYNCHRONOUS MOTOR OF CONTINENTAL MAKE 


the system is inactive. An energizing coil embraced by the two halves 
constitutes the working element of the system in a similar manner to 
that previously explained. 

The main shaft of the rotor system contains a driving pinion meshing 
with a bakelized fibre wheel, forming the first stage of the driven 
train. A starting knob fitted to the back extension of this shaft forms 
an extremely simple starting medium when given a sharp twist in 
the direction of rotation. 

The theoretical speed is of course 200 r.p.m., since both halves of 
the stator contain fifteen poles, making a total of thirty complete pairs 
of opposite polarity at any instant, the simple two-pole rotor being 
magnetically rotated from pole face to pole face at each reversal of the 
cycle in the usual manner. 

Two minor objections to this arrangement are: 


1. The starting knob rotates continually with the first wheel arbor. 


2. The motor is capable of starting in either direction, depending 
upon the direction towards which the starting knob is turned. 
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The Ferranti System 


Fig. 23 is another example of a system in which the initial start is 
given by hand, but in this particular motor the main synchronous 
components include ‘a bi-polar sub-divided field. This is clearly 
shown in the drawing and in the side view by Fig. 24. 

The two-pole stator is formed up from stalloy stampings, while the 
energizing coil is linked across the bottom by its own iron core. 

The rotor, it will be noticed, contains thirty-six teeth round its cir- 
cumference, thus matching up in pitch with the stator poles. 
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FIG. 23.— FERRANTI STANDARD SLOW-SPEED FIG. 24.—SIDE VIEW OF FERRANTI 
SYNCHRONOUS MOTOR SHOWING HAND-STARTING KNOB 


Ferranti Synchronous Alarm System 


This movement, which incorporates a 24-hour alarm mechanism, 
measures only 24 ins.. in diameter, and is 1:56 in. in depth from the 
centre fixing bridge to the back of the coil bobbin. 

_ Fig. 25 gives a partly exploded view from which the various com- 
ponents can be seen. The motor has a non-polarized rotor constructed 
from three soft-iron laminations, around which are cut thirty teeth. The 
two-pole stator embracing the rotor has teeth of equal pitch to those on 
the rotor. 

The rotor spindle is of hardened steel, running in bearings of hard- 
wearing bronze. Lubrication of the rotor pivots is by means of specially 
blended oil-grease contained in sealed reservoirs. Freely mounted on 
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the rotor spindle is a flywheel of brass, flexibly connected by a double 
helical spring to the rotor spindle. 

At each end of the electro-magnet yoke is attached a small soft-iron 
extension, the purpose of which is to concentrate the leakage of 
magnetic flux to a point immediately under the alarm buzzer 
armature. 

The first reduction gear from the rotor is by a pinion of twelve teeth 
driving a fibre spur gear of seventy-five teeth. The second reduction is 
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FIG. 25.—EXPLODED VIEW OF FERRANTI SYNCHRONOUS MOVEMENT AND 24-HOUR ALARM 
MECHANISM 


a single start worm driving a brass spur wheel of thirty-two teeth. The 
final reduction to the minute arbor is by single start worm, similar to 
the above, driving a sixty-tooth brass spur wheel. All gears and worms 
are of involute form. Starting is by hand, using a small knurled knob 
attached to the seventy-five-tooth wheel arbor. 

The rotor runs at 200 r.p.m. and exerts a torque of approximately 
2:5 gm. cm. at the spindle. The working coil is wound with 18,400 
turns of 46 S.W.G. enamelled copper wire for use on 230 volts, and it 
takes only 1 watt approximately to operate. 

The starting and running of the clock depend to a large extent on the 
inertia of the rotor assembly. If this is too small, the rotor, after being 
“spun up” above synchronism, would “lock” with the rotor and stator 
teeth in line, since there is no true rotating field. Owing to the spring 


SYNCHRONOUS MOTOR CLOCKS 110 


flywheel, what normally happens is that after spinning the rotor above 
synchronous speed it slows down gradually until it is slightly above 
synchronism, at which point the rotor is then pulled into synchronism 
against the flywheel spring; the flywheel itself follows up more slowly 
while the extra inertia now provided prevents “locking” taking place. 
Similarly a momentary interruption on the supply mains will tend 
to slow down the rotor and the flywheel, then as current returns 
the rotor is accelerated to synchronous speed, the flywheel following 
more slowly. The important point is that the spring flywheel provides 
a large mass on the spindle which does not require rapid acceleration, 
but yet ensures continuity. of rotation. 


The Alarm Mechanism 


The alarm mechanism consists of a thirty-one-tooth wheel (carried 
by the hour motion wheel) driving a sixty-two-tooth gear to which 
the alarm release gear is fitted. The large sixty-two-tooth wheel, which 
rotates once in twenty-four hours, is marked round its face with equally 
divided distinguishing letters, whose purpose is to indicate through an 
aperture in the dial a.m. and F.M. of a 24-hour setting circle. 

The remainder of the system will be 
clear from Fig. 26. The 24-hour wheel 
A drives the release cam C through the 
medium of the sliding “dogs” B. The 
cam is capable of free rotation over the 
setting arbor D, which carries the pin E. 
A spring buzzer, fitted with an arma- 
ture F, is normally held away from the 
electro-magnet core G by the inclined 
plane formed on the face of cam C 
riding the pin E against a second spring 
H. The tension of spring J controls the 
note of the buzzer, and can be adjusted bio. 26.—DETAILS OF FERRANTI 
by means of a screw not shown in the ALARM MECHANISM 
drawing. To the back extensions of the 
setting arbor is fitted a “time release” setting pointer 7, indicating 
twenty-four hours over a suitable dial fixed to the back plate. 

The buzzer armature is normally prevented from reacting with the 
leakage magnetic flux concentrated near it by its distance from the 
pole-piece. When the rotating cam C, driven by the wheel A, has 
travelled sufficiently far round the stationary pin E (which represents 
the setting point), to allow the pin to enter the notch, the buzzer 
armature is released, and is displaced inwards. 

A simple alarm stop is provided for instantly locking the buzzer in 
its outer non-active position, when pushed. This stop, however, auto- 
matically releases itself the moment the alarm becomes active. 
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The Temco Clock 


By Fig. 27 is indicated the “Temco” motor. The stator housing has 
fifteen outer pole projections intermeshing with fifteen inner. The 
actuating magnetic flux formed at the poles reacts with the rotor 
round the outer circumference of the stator. 

The system, it will be noticed, contains an inner pole plate with 
fifteen tooth-like projections machined round its circumference, the 
whole being linked magnetically to the stator by a soft-iron core. 

This is shown in the sectional drawing, Fig. 28. 


COBALT STEEL 
ROTOR 


OUTER STATOR 


er. POLES 


TWIN ROTOR POLES INNER POLES 


FIG, 27.—PLAN OF A TEMCO SYNCHRONOUS MOTOR SHOWING ROTOR 


When assembled, an energizing coil fits on the core between the 
inner and outer components as shown, while the pole extremities 
intermesh with those formed on the stator, without touching, thus 
leaving a small air-gap which is continuous throughout its periphery. 

It will now be understood that when such a system becomes ener- 
gized by an alternating current, north and south magnetic poles 
are formed at any pair of poles, at any instant changing their sine and 
direction with each reversal of the supply frequency. 

The rotor of this design consists of a two arm sub-divided cobalt 
steel strip, the two extremities of which are bent over at right-angles, 
thus embracing, and in pitch with, two poles of the stator at opposite 
sides of the outer circumference. This is clearly seen in the illustrations. 

A central shaft rigidly attached to the rotor extends through the 
centre of the core, and is supported in two special porous bronze bear- 
ings. At one end is fitted the driving pinion, while the other end 
carries a milled knob to enable the system to be spun up to syn- 
chronism when starting, i.e. 200 r.p.m. on 50 c.p.s. supply frequency. 
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The knob is shielded round the greater part of its circumference 
to prevent accidental contact through any reason, such as handling 
the clock while running, etc. To start the system it.is only necessary 
to run the finger lightly across the exposed sector and spin to the above 
speed. i 


Oil-Impregnated Bearings 


The main bearings consist of concentric bushes constructed from 
special oil-impregnated porous phosphor-bronze, separated in the 
centre by a brass sleeve, the space around which is used as an oil 
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FIG. 28.—SECTIONAL VIEW OF TEMCO MOTOR SHOWING OIL-IMPREGNATED 
BEARING AND STARTING KNOB 


Note the oil well round the spacing tube which separates the two bronze bearings. 


reservoir. By this method lubrication can percolate directly through to 
the main shaft and maintain an ample supply for years without 
attention. 

The whole motor assembly is finally shielded by a concentric outer 
drum, thus providing an extra protection against dirt or handling 
when the movement is exposed. This drum is not shown on the 
drawing. 


Chapter VIL 


THE REPAIR AND MAINTENANCE OF 
ELECTRIC D.C. CLOCKS 


O the average watch or clockmaker, the periodic examination 

and overhaul of a clock generally consists of dismantling the 

mechanism, cleaning off the congealed oil and other foreign 

matter, and pegging out the pivot hole and pinion leaves in 
addition to replacing any worn or broken parts, including, if necessary, 
the rebushing of worn holes. After this the mechanism is carefully 
assembled and checked for amplitude and position, and finally timed 
—generally against a standard clock, such as a regulator or chrono- 
meter. 

When these operations have been completed, an ordinary spring- 
or weight-driven clock continues to function until a further overhaul 
becomes necessary. 

In an electric system, however, the number of faults that may take 
place after very long periods of use are exceedingly small. 


Electrical Faults 


Whenever a fault does occur with this particular type of clock, it is 
generally of an electrical nature. Now here is a summary, indicating 
the only faults likely to occur in electrical systems—a few of the earlier 
types of which are included: 

1. Dirty or pitted contacts. 

2. Contacts not closing correctly. 

3. Short-circuiting turns on working coil (a very rare occurrence). 

4. Broken connexion from coil to battery, or to contacts. 

5. Electro-motive force of battery too low, due to partial ex- 
haustion. 

6. Contact taking place at incorrect sequence. 

7. In the case of impulse clocks, gathering pallet arm bent, causing 
incorrect sequence of gravity arm. 

8. Incorrect adjustment of slave dial stops, etc. 

9. Clock not mounted on wall in a true vertical position. 


With synchronous clocks (see next chapter): 
10. Partial seizure of main rotor bearings. 
11. Interruption of supply, due to fuse blowing or other causes. 
122 
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Testing Battery 


Assuming we have a battery-operated clock, which from some cause 
or other refuses to function, the first obvious thing to do, after making 
sure that all connexions are secure, is to test the condition of the 
battery. By connecting a yoltmeter across the two terminals the 
voltage or potential difference can be read, which, in the case of dry 
cells, is generally a fair indication of the internal condition. With 
secondary cells, however, this test with a high-resistance voltmeter is 
no indication of the true condition, since it is the capacity of a battery 
that matters, i.e. the total volt-amps. the cell is capable of giving 
out before exhaustion takes place. 

A really fair test for secondary cells is to measure the voltage across 
the terminals, while current is flowing. 


CONTACTS PRESSED 


Badly Pitted Contacts 
LIGHTLY TOGETHER 


Having assured our- 
selves that the battery is 
O.K., the contacts should 
next be examined. These 
can be tested in a similar 
method to that described 
in Chapter I, page 19. sat ee 

If the contacts are i i 
found to be fairly badly Ne P Sa e 

‘ FIG. I.--METHOD OF CORRECTING CONTACT 
pitted, a very rare state SURFACES DUE TO WEAR 
of affairs these days, a 
superfine file can be insertecl between the surfaces; at the same time 
slight pressure is exerted on the springs by the thumb and finger of 
the left hand (Fig. 1). Do not take off more metal than is absolutely 
necessary, and finish off with a flat burnisher, or a slip of good grade 
“blue-back”. Finally, blow away any stray matter or filings with an 
air jet; a cycle pump provides a good substitute. 

Having now satisfied yourself regarding the contacts and battery, 
make any further adjustment necessary to compensate for the amount 
of material that has been removed during the filing operation, and 
manipulate the mechanism sufficiently to allow the contacts to close. 
Now place an ammeter in series with the battery and clock circuit, 
the pointer will then indicate the correct current taken on impulse. 


Contacts not Closing Correctly 


Connect a low-reading voltmeter across the two contact arms with 
the clock in a closed circuited position. A reading on the instrument 
however small indicates a fault. Remedy—readjust contacts and 
deal generally in a similar manner to that described above. 
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Short-Circuited Turns on Working Coil 


Connect voltmeter and ammeter in parallel and series respectively 
with the clock circuit, leave battery connected in its present position, 
measure ohmic value of coil by simple formula. If resistance is below 
normal, remove coil and replace with a new one, or alternatively 
rewind. 


Broken Connexion 


Connect an ammeter in series between battery and coil with con- 
tacts closed. No indica- 
tion indicates a break in 
circuit. Disconnect lead 
from contact breaker, and 
test coil connexions by 
themselves. Should the 
circuit through this prove 
satisfactory the break is 
obviously between the 
second contact and return 
wire to battery. 


E.M.F. of Battery Low 


The procedure des- 
cribed on page 123 should 
be adopted. Note, how- 
ever, that replacement 
cells should be put into 
service as soon as possible 
after delivery from the 


FIG. 2.—CORRECT SEQUENCE OF GRAVITY ARM k X Wea of 
RELEASE WITH SYNCHRONOME SYSTEM makers, sınce all cells O 


the “dry” pattern in- 
variably dissipate a small percentage of their active charge if kept in 
an open circuited condition for any length of time. 


Incorrect Sequence of Contact 


This is generally a purely mechanical defect, and in modern impulse 
clocks very rarely takes place if the makers’ instructions are carefully 
carried out. The only two causes possible with this particular type of 
instrument is a bent arm of count wheel gathering pallet, or the clock 
erected with the case out of plumb—both practically impossible mis- 
takes to make. 

In general, these faults can only be caused by rough handling, or as 
stated above, not following the makers’ instructions when installing. 

It should be remembered that when the pendulum of an impulse 
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clock is stationary with the case in a vertical position, the gathering 
jewel should take up a position exactly midway between two teeth of 
the count wheel, then on the completion of the outer swing of the 
pendulum, the jewel pin drops nicely over the tip of the next tooth to 
be pulled round, and clears the tooth after completing practically the 
same arc on its backward travel. It will be obvious, therefore, that 
the gravity arm release detent is deflected and cleared completely 
during one semi-vibration of the pendulum from left to right (see 
Fig. 2). 


J i as ey ; 
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PENDULUM AT REST PENDULUM SWINGING TO RETURN SWING, BLADE 
TRAILING BLADE SLIGHTLY LEFT BLADE DROPS INTO DEPRESSES BLOCK AND 
TO RIGHT OF BLOCK NOTCH OF FIBRE BLOCK CLOSES CONTACTS 


FIG. 3.—-HIPP PENDULUM, SHOWING CORRECT SEQUENCE OF CONTACT OPERATION 


With clocks of the Hipp pattern, the levelling of the case must be very 
carefully carried out when installing, since it is quite possible with this 
type of apparatus for the clock to stop with its contacts in a closed 
circuited position, thus exhausting the battery. Generally, this state 
is brought about through an out of plumb case, or an out of sequence 
contact device, i.e. contact taking place out of step with the position 
of the electro-magnet. The correct timing for this is briefly shown in 
Fig. 3. 


Secondary Clocks 


It will be understood that with a system of impulse clocks, the 
secondary dials are connected up in series with the master transmitter, 
in which case a single wire can conveniently be run from the master 
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to the first secondary dial, and from here to the next dial, and so on. 
Thus, should a break occur in one dial, or any part: of the circuit, 
the whole system fails. In modern practice, however, the dials are 
shunted by a resistance in parallel (see Fig. 4). With such an arrange- 
ment it will be clear that a break in the actual dial circuit does 
not stop the system, owing to the fact that the current then takes a 
by-pass through the shunt, while individual attention can be given 


RESISTANCE. RESISTANCE. 
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BATTERY WARNING 


BATTERY 


~— MASTER CLOCK 


FIG. 4.—LAY-OUT OF MASTER CLOCK 
AND SECONDARY DIALS IN SERIES 


to the mechanism; in fact, the whole of the electro-magnetic system 
can be withdrawn from the case without disturbing the working of the 
system in any way. 

Assuming a subsidiary dial of an impulse system ceases to function, 
while its neighbours appear to be working correctly, first expose the 
mechanism and connect a pair of test leads—one to each terminal of 
the dial mechanism. Connect the opposite end of one of these to a 
terminal of a 1-5-volt dry cell and by means of the remaining wire 
slowly make and break the circuit through the coil by intermittently 
touching the second terminal of the battery. Should there be a slight 
movement of the armature, this proves the coil to be in good condition. 
Next watch the operating pawl, and note if this is carried sufficiently 
far back by the armature to allow the nose to drop into its next back- 
ward tooth. ‘If not, adjust the back stop marked A on the drawing, 
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Fig. 5, until the pawl just falls into the tooth but no more, or the 
tension may be too great on the recoil spring. This should be adjusted 
by manipulation of the screw B. Again the pawl nose locking screw C 
may require readjustment. 

This screw should not be touched unless absolutely necessary, since 
not only does it limit travel of the active impulse, but also performs 
the correct locking of the main wheel after the impulse is given, in 
addition to which the correct sequence of the retention click, D, is 
also associated. Great care, therefore, should be exercised in this 
connexion. With a clock of this type, if functioning correctly it should 


FIG. 5.—IMPULSE DIAL MECHANISM OF A SYNCHRONOME SECONDARY CLOCK 


work quite well and be sharp in its action with a pressure of | volt. 
Once properly adjusted a mechanism of this type will work for years 
without any further attention. Finally, a low-reading ammeter could 
be connected in series with the dials to indicate the current taken by 
the system. This should be approximately 0-25 amp. with a Syn- 
chronome, or 0-22 amp. with the Pul-syn-etic system for each dial. 


Clock not Mounted Vertically 


This fault can never occur if the makers’ instructions are carried out 
carefully. Every master transmitter is fitted with either a graduated 
arc in close proximity to the bottom of the pendulum rod, giving the 
true zero position of the bob when at rest, or an indicating mark is 
sometimes placed on the upper and lower extremities of the case. A 
plumb line suspended in line with these two marks indicates the true 
vertical position. See also Fig. 2. 


Chapter VIII 


THE REPAIR AND MAINTENANCE OF 
SYNCHRONOUS CLOCKS 


HE modern synchronous clock is practically trouble-free, so 

much so that certain makes have after ten years’ continuous 

service been completely dismantled and submitted to a 

microscopic examination, when the main rotor bearings, 
pivots and pinions have been found to be in such excellent condition 
as to warrant no replacement other than renewing the oil, etc. 

If extreme cases, however, a case of a seized bearing may occasionally 
be found, in which case it may be considered necessary to run through 
the complete clock at the same time. With present designs the com- 
plete motor can be removed as a unit without in any way disturbing 
the remainder of the mechanism. A Ferranti model is taken as a first 
example. 


Sequence of Dismantling 


The first thing to do, then, is to remove the movement from the case 
and open up the mechanism for inspection. In a large percentage of 
cases the arrangement for attaching the movement housing to the 
main case is practically identical and consists of a bakelite drum A, 
Fig. 1, in which the movement is fitted. B indicates the bezel which 
can be removed by firmly grasping its outer edge, at the same time 


f 


8 C A 
FIG. I.— DISMANTLING CASE OF FERRANTI FIG, 2.—-PLAN OF FERRANTI CLOCK 
CLOCK SHOWING MOVEMENT SUPPORTING 


SCREWS 
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imparting a twisting movement. This will bring the bayoneted lips 
formed round its inner edge to correspond with those cut on the rim 
of the case. At this point the bezel is free and can be pulled off without 
further trouble. Now proceed to dismantle in the following sequence: 


1. Extract seconds hand, if such is fitted. 


2. Remove minute and hour hands, both a friction fit on tubes. 


3. Turn case over, dial will fall out, exposing front plate of mechan- 
ism. 

4. Remove screws D and D1, Fig. 2, and allow movement to 
lean forward, thus giving sufficient space to remove connecting 
wires from coil to terminals. 


5. Slacken off screws clamping wires to coil and remove. 


fay 


8 C 


FIG. 4.— (Above) BEARING AND 
CAP OF FERRANTI CLOCK MOTOR 


FIG. 3.— (Left) SHOWING THE 
K SEQUENCE OF ASSEMBLY WHEN 
\ REPLACING BEARINGS OF A FER- 
A Al RANTI CLOCK MOTOR 


Inspection and Adjustments 


The movement is now free and can be examined at will. Now take 
a look at the rotor; turn slowly round by means of starting knob. 
Note if there is any tendency to bind, especially when the clock is 
tilted. Try for end and side shake; this type of rotor generally runs 
better with plenty of end play, which distributes the lubricant more 
evenly, but there should be absolutely no side shake whatever. 

Assuming the back bearing of this particular motor shows signs of 
wear, all that is generally necessary is to renew the defective part, 
which in this particular case can be refitted in a few minutes, by the 
following procedure: ‘Slacken off retention spring screws A, Fig. 3 
and drop clear of bearing cap. Remove bearing B (Fig. 4) complete. 
This type of bearing is self-aligning and can now be removed as a 
unit. 
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Now pull off cap C, and the interior oil chamber will be exposed. 

Thoroughly wash out old lubricant with a solution of tetrachloride 
and dry off. Treat the pivot of rotor spindle with brush saturated 
with tetrachloride. It is now that the true examination for wear 
should be carried out; by replacing the bearing without its cap, an 
unobstructed view can be got of the pivot and its surrounding bush. 
Try for up and down shake, as already explained. Should this be 
apparent, even to a small extent, the bearing should be scrapped and a 
new one procured from the makers. 

Indeed it is a wise plan to stock a few replacements, as this very often 
prevents a job being “hung up” for a small repair. 

On the other hand, if no signs of wear are disclosed, replace lubricant 
in the space provided, attach cap and refit by clipping under retention 
spring. Finally, relock screw and assemble in case housing. Clock 
is then ready for a trial run; connect up to supply or to test leads as 
the case may be. 

Very seldom, however, does one bearing alone require attention. 
It is a much better plan, in any case, to give attention to both these 
important points at the same time, in which case the rotor should be 
removed complete as a unit. This can be brought about as follows: 


1. Slacken off screws A and Al. 
2. Drop both retention springs. 
3. Remove both bearings complete. 
4. Rotor can now be removed. 


Examining the Wheel Train 


If it is considered necessary to run through the wheelwork, proceed 
in the following manner: 

Remove the four screws shown in Fig. 2. The movement should 
now come apart. Do not remove the energizing coil from the stator 
system unless absolutely necessary, as this may lead to complications. 

Thoroughly soak all wheels and pinions in a bath containing 
tetrachloride, being careful that no solution gets near the working 
coil. Now dry out the parts, preferably by hot air blast. An ordinary 
hair drier forms an excellent tool for this purpose. 

After drying out, reassemble and oil in the ordinary way, except 
in the case of the first driven wheel. This is constructed of bakelized 
fibre and it is necessary to smear a light film of lubricant over the 
teeth. The driving pinion of the rotor should also be treated in a 
similar manner. The object of introducing a lubricant at these points 
gives greater silence to the system generally, bearing in mind the 
relative speeds at which they run, much higher than any similar 
wheels in an ordinary spring-driven clock. 
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Safety Precautions 


A preliminary run is now necessary, but do not connect up to the 
mains until the leads are reconnected to their respective sockets in the 
terminal block, since wires carrying comparatively high pressure when 
connected together in a haphazard way, such as wrapping the two 
bare ends together, or clamping together by means of unprotected 
metal sockets, are a lethal source of danger, in addition to which the 
wires may be so close together that the blowing of a fuse is inevitable 
sooner or later. 

If the running appears to be satisfactory after a preliminary run, 
refit into outer case by means of the two screws provided and the clock 
can be taken as being 
satisfactory without tun- 
ing, regulating or posi- 
tioning, as is necessary 
with a _ spring-driven 
model. 


GRUB SCREW 


LEFT HAND 
THREAD 


Procedure for a Smiths 
Clock 


The procedure for in- 
specting the Bijou model 
will be clear from porig FIG. 5.— METHOD OF REMOVING A SMITHS 
The following relates to MOVEMENT FROM ITS CASE 
an earlier model (Fig. 5). 

Remove bezel, glass, dial and hands; the mechanism will then be 
brought to light, after which the following sequence should be followed: 

Take off combined set hands and starting knob. This will unscrew 
quite easily after slackening off locking grub screw as shown by Fig. 
5. Now remove screws A, B and C, Fig. 5. Movement can then be 
lifted out from its bakelite case. Care should, however, be exercised in 
guiding starting ratchet wheel through the hole provided in bottom 
plate, otherwise damage may occur to the very delicate spring fitted 
to the starting lever actuating pawl. _ 

When the movement is removed, the synchronous motor, along 
with its rotor, is now left in the base moulding, and.being free, can 
be lifted out. 

The circular stator will be seen clamped down by three cheese- 
headed screws. Under no circumstances remove these or the true 
concentric position will be destroyed, and difficulty will be experienced 
after reassembling in preventing a persistent hum due to this cause. 

It-should be borne in mind, that all components used in this con- 
nexion are machined to extremely fine limits. The stator, for example, 
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is set up during assembly by means of special jigs to ensure absolute 
concentricity with the bearing axis. The magnetic balance of the 
stator flux reacting with the rotor also depends upon true assembly. 

The back bearing bush can be removed, since this is a simple 
friction fit in its bakelite housing. This is best accomplished by making 
up an extractor, similar in construction to that shown by Fig. 6. 

Should this be necessary, the top bearing can also be removed in 
the same way. Reverting again to the bottom bearing, it will be noticed 
that its outer circumference is milled to prevent any possibility of 
turning in its housing. When replacing, make sure that the milling 
coincides with the marks left in the housing, otherwise the bush may 
not seat itself dead square. One 
other point to be remembered is 
that no undue pressure is necessary 
during this replacement, since 
these bushes are made to enter 
with a gentle friction fit. 

The plates can now be taken 
apart and wheels removed for 
examination. 

All components should be 
thoroughly washed in a tetra- 


SECTION OF 


CASE WING NUT chloride bath and dealt with 
FIG. 6.—A SIMPLE EXTRACTOR FOR generally in a similar manner to 
REMOVAL OF BEARING BUSHES that already described in con- 


nexion with the Ferranti clock. 


Reassembling Smiths Clock 
To reassemble after cleaning process, proceed as follows: 


1. Place bottom pivot of starting member in its respective hole, 
near top ofimovement. 

. Insert pivot of first driven wheel (bakelized fibre) pinion at top. 

. Insert pivot of second wheel, pinion at bottom. 

Insert pivot of third wheel, pinion near centre. 

. Insert pivot of fourth wheel, pinion at top to mesh with centre 
wheel the position of which is near top plate. 


Now replace top plate complete with centre wheel!—carefully 
guide into mesh fourth pinion with centre wheel teeth, guide all top 
pivots into their respective holes, including that of starting member. 
Replace countersunk locking screws and tighten. Movement is now 
practically complete except for motion wheels. 

The reassembly of these needs no explanation since the arrange- 
ment is more or less identical with that of the spring-driven model. 


1 In general, the centre whcel complete with motion wheels on top plate can be 
removed complete without dismantling. 
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As far as the wheelwork is concerned there is just one more unit to 
replace, should these have been removed, namely the set hands shaft 
with starting cone. This can be inserted through hole provided in 
front plate. Now thread return spring on this shaft and refit split 
washers provided. These are self-locking and are arranged to fit a 
suitable groove machined on the shaft. 

Finally oil all pivots and lubricate teeth of first wheel. 

Refill bottom and top bearings of motor with suitable lubricant, 
blow out all dust and foreign matter from base of case, place rotor in 
its bottom bearing, and reassemble movement to case, being careful 
to guide teeth of starting ratchet under nose of pawl. Also the top 


HOW NOT TO REPLACE. THUMB 
ON OUTSIDE OF DISC. 


FIG. 7.—CORRECT AND INCORRECT 
METHOD OF REPLACING THE SECONDS CORRECT WAY TO REPLACE 
DISC OF A SMITHS CLOCK HOLLOW PUNCH. CENTRE OF 
PRESSURE IN CENTRE OF SHAFT. 


pivot of this member must now be coaxed into its respective bearing, 
situated on the top plate. 

Now anchor end of starting lever recoil spring to the stud projecting 
from a suitable position in the bottom plate. 

After replacing the three movement locking screws and starting 
knob, the clock is ready for a preliminary run. 

If all is well and clock runs without noise of any kind, disconnect 
from supply and replace dial, hands, glass and bezel. Just a word 
of warning however. 

This type of clock has fitted to an extension of its third wheel arbor 
an indicating disc—for the purpose of giving visible warning should 
the clock stop through any reason. 

Now the tube of this disc is a friction fit on the arbor extension, 
which, being as it is of rather small diameter, may become bent unless 
care is taken during the process of assembly, with the result that the 
disc may foul the underside of the dial. 
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A little care here will prevent this happening, by pressing on from 
the centre bush and not from its outer edge. Fig. 7 shows the correct 
and incorrect way of doing this. ' 


Testing Clocks in Groups for Running 


Here is a useful gadget that can be made up and saves time when a 
number of clocks are tested for running at the same time. For example, 
say six are required to be tested at one time, procure seven 2-5 amp. 
Ferranti testing plugs and sockets. 
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FIG. 8.—PLUG AND SOCKET ARRANGEMENT FOR TESTING SYNCHRONOUS CLOCKS 
IN NUMBERS 


Now mount the seven sockets in an insulating block composed of 
either ebonite or hard dry wood, and tighten up one set of back nuts. 
The sockets are now firmly fixed and need no further fastening. 

Cut off six short lengths of V.I.R. (ordinary vulcanized india-rubber) 
cable of any convenient diameter, and bridge six of the sockets together, 
securely clamping the ends underneath the second set of back nuts, 
as shown by Fig. 8. i 

One long wire is taken from the last or seventh terminal to the 
source of supply, while a similar wire is connected to the first of the 
six connected terminals in a manner identical with that shown. 

The two ends from this system can now be wired up to an ordinary 
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5 amp. pin plug, or any other arrangement that presents itself, bearing 
in mind the necessity for safety and prevention of electric shock. 

Next wire up the seven plug leads, as shown in the drawing, to the 
existing six clock adaptor pin connexions, using one common return 
wire for the whole. 

Thus any moderate number of similar clocks can be quickly plugged 
in, or out, as the case may be. 

In the case of different types being tested out, the standard con- 
nectors fitted to the clocks could be used, or if the apparatus is con- 
sidered to be a fixture, duplicate connectors of various types could be 
procured from the makers for use as permanent fixtures. 

It also will be appreciated that with this system, any individual 
clock can be unplugged without in any way interfering with the re- 
mainder of the clocks in circuit. A light fuse should be included in the 
circuit as an extra precaution. A 0-25 amp. type can be purchased 
suitable for this purpose at any electrical dealers. 


Modern Long Wear Bearings 


The bearings, as fitted to a large percentage of synchronous motors 
are of the single supporting type, i.e. a single shaft extension from 
the underside of the rotor is supported throughout its length by a long 
tubular bush. This bush is in practice turned away for a certain dis- 
tance of its length internally for the purpose of retaining the necessary 
lubricant, and to allow this to distribute itself equally at both bearing 
points of the shaft. 

With bearings of this design, it will be clear that not only is the 
effective length increased, but the oil reservoir thus formed is of 
extra large area—a very important point. 

It is obvious then, with bearings of this type, especially those now 
fitted to modern designs, that it is actually possible for them to last 
practically as long as the clock itself. 

Here are a few makes in which this type of bearing is fitted: 


“Ferranti” special model: Oil bath in centre and end of 
bush. 

“Sangamo” self-starting type: Oil bath in centre and end of 
bush. 

“Temco” hand-started: Special porous bronze bush, 
automatic lubrication. 

*Synclock”’ self-starting: Special capillary oil bath, 


automatic lubrication to all 
main fast-moving gears. 


There are many other makes fitted with similar bearings, but to 
give a description of each individual make is outside the scope of this 
book. 
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Now, assuming these bearings are practically immune from wear, 
the only thing that can be undertaken by the practical watchmaker 
is to clean out and renew the lubricant contained in the reservoir. 
It should be clearly understood, however, that the makers’ instructions 
should in all cases be carried out regarding the lubricant used. It 
may be that oil suitable for one particular type may not be suitable for 
another, so that it may be necessary for the repairer to stock several 
different grades of oil and grease for this purpose. 

When inserting grease or oil into this particular type of bush, do 
not think for a moment that ordinary methods are of any use, since 
no oil can enter in the usual way owing to the length and small dia- 
meter of the bore which 
is also closed at its bottom 
end by a pivot supporting 
plate. 

Here is an example 
indicating the correct 
method of procedure 
when dealing with this 
type of bush. In the case 
of “ Sangamo” slightly 
warm bearing and stator 


i 


D C plate, oil will then enter as 
FIG. 9.—SHOWING OIL CHAMBER OF FERRANTI cooling takes place. Re- 
SYNCHRONOUS MOTOR place rotor shaft at the 


same time, inserting this 
with a rotary or twisting movement, otherwise difficulty will be ex- 
perienced, due to compression of the oil, with the result that the rotor 
magnet will not seat in its usual position, in close proximity to the 
stator teeth. 

With a high-torque model Ferranti motor, the replenishment of oil 
is simplicity itself, as.the drawing, Fig. 9, will show. 

Remove rotor A, unscrew bearing bush B, annular core C will then 
be opened up for cleaning. Remove old oil from both B and C, also 
that from rotor shaft in a tetrachloride bath, being careful that no 
fluid reaches the windings. | 

Having carried this out, refill with lubricant and replace components. 
Use only oil recommended by the makers, as ordinary oils are un- 
suitable for this purpose. 


Oils 
Here are a few points in connexion with lubricants as applied to 
the rotor bearings and wheelwork generally. 
Messrs. Everett, Edgcumbe & Co., makers of “‘Synclock’”’ clocks, have 


pointed out that the oil has to comply with the following somewhat 
contradictory requirements: 
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It must be reasonably liquid to well below freezing point, otherwise 
in cold weather clocks tend to stop; on the other hand, it must not 
lose its lubricating properties at high temperatures, say up to 150° F. 
Although in this country such temperatures will not often be 
reached, even in the sun, they are quite common in the tropics. 

A still more important point is that the oil must not oxidize, even 
under the influence of heat. This is a difficult point to comply with, 
as the oil is continually in the presence of copper and/or brass, and is, 
moreover, being continuously aerated by the wheels passing through it, 
and all these conditions tend to rapid oxidation. 

The oil which this firm has adopted, as a result of long experience, 
includes an inhibitor which prevents oxidation. 

Messrs. Telephone Manufacturing Co. Ltd., the makers of the “Temco” 
system employ: 

A special grade of ‘‘Cosmolubric’’—a trade name of Messrs. Edgar 
Vaughan & Co. All train pivots, etc., are lubricated with “Chronax”’ 
D oil—a product of the French de Raffinage company. 

Messrs. Ferranti Lid., recommend that for the lubrication of rotor 
bearings use ‘‘Belmaline”’ grade D, and a good grade clock oil for 
the pivots, etc. 

As pointed out previously, each particular system needs different 
treatment in this question of lubrication. The necessity for procuring 
these from the makers, who are only too willing to help in this con- 
nexion, cannot be too strongly emphasized. 


Installation of Synchronous Motor Clocks 


In Fig. 10 will be found a typical example of a service installation 
as found in the average dwelling house, where A indicates the in- 
coming mains from the electricity company’s feeders situated under 
the pavement outside. 

Two main fuses, B and B1, are fitted as a precautionary measure to 
protect the company’s meter, and apparatus connected thereto. C is 
the company’s meter, through which the current must pass before 
being distributed to the domestic load, through a double pole switch 
D, and distribution box bus-bars E and El. 

It will be seen that the two main leads, i.e. neutral and phase, pass 
in on the left-hand side of the meter and continue out on the right, 
to be distributed to the lamps and clocks in a manner similar to that 
shown. 


The Watt-hour Meter 


It may be of interest here to ‘show briefly just what happens inside 
a meter to enable the consumption to be accurately measured. Fig. 11 
shows the essential components that are contained inside an average 
single-phase supply meter. A Ferraris aluminium disc, A, mounted on 
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jewelled bearings, is embraced on its upper and lower face by a series 
electro-magnet B, through which the current to be measured flows, 
and a laminated potential or volt electro-magnet C, the coil of which 
is composed of many turns of very fine wire and connected across 
the mains through the two terminals as shown. 

The instrument therefore contains one element the magnetic flux 
of which is proportional to the electrical pressure across the mains, 
and a second element proportional to the current used. 


FIG. I0.— TYPICAL HOUSE SERVICE INSTALLATION WITH 


KILOWATT-HOUR METER AND MAIN SWITCH 


Now under active conditions we have the combined flux of the two 
elements interacting with the pivoted disc the speed of which is pro- 
portional to the watts consumed. 

A quadrature, or phasing band, D, encircles the centre limb of the 
potential electro-magnet to enable the exact angle of lag between the 
voltage and current to be brought about by adjustment. 

Thus a progressively shifting magnetic flux interacts with the rotor 
proportional to VxIxcos ¢. The instrument is, therefore, a true 
wattmeter, integrating watts against time, i.e. watt-hours. 

The speed of rotation would follow a square law, were it not for the 
provision of a brake magnet, Æ, the purpose of which is to react with 
the disc, and bring about a retarding effect in exact proportion to the 
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Square of disc speed. The result, then, is a disc with a speed which is 
absolutely proportional to the load in watt or kilowatt hours. 

The rotation of the disc is transmitted to an index which consists 
simply of a train of wheels, by means of a worm and pinion. These 
are seen at the top end of the shaft. 

The remainder of the gears in this train are of 10/1 ratio, therefore 
the pointers attached to their arbor extensions read respectively, 
1, 10, 100, 1,000, 10,000 units as shown. 


SMALL POINTER 
1 REV. = 1 KW. HRA. 


POINTERS ABOVE 

E No.} = 1 REV. = 10 KW. HR. 
No.2 = 1 REV. = 100 KW. HR. 
No.3 = 1 REV. = 1000 KW.HR. 
No.4 = 1 REV. = 10000 KW. HR. 


LINE IN LINE OUT 


NEUTRAL IN NEUTRAL OUT 


FIG. II.— ESSENTIAL COMPONENTS OF A TYPICAL HOUSE SERVICE WATT-HOUR 
METER, WITH INTEGRATING DIALS 


The method of reading such a meter consists of subtracting the 
first reading from the second, thus: 


First reading 1,529 .= 2,236 
Second reading 2,236 = 1,529 


——— 


707 units consumed. 


Of course it is impossible to measure the watts taken by a syn- 
chronous motor by the reading of a house service meter, since the 
amount taken is so small that no rotation of the meter disc can take 
place. This is made clear to the reader by the following explanation: 

An average house service meter graded at 2,000 watts has a starting 
current of 1/80th of full load, or 25 watts. As a clock motor only takes, 
say, 2 watts, we should require thirteen times this wattage to turn 
the meter disc. The small amount taken will, however, sum itself 
up with the general load when such is in use. 


Fusing the Clock Circuit 


In all clock circuits a light additional fuse should always be fitted 
as an extra precaution. This generally takes the form of a combined 
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two-pin plug with a 0:5 amp. fuse incorporated. Such plugs are 
obtainable from all dealers in electric clocks and are very reasonable 
in price. 

In the event of a lighting fuse blowing, i.e. other than the fused 
plug attached to the clock flex make perfectly sure that the circuit 
is absolutely “dead” before replacing, otherwise an unpleasant shock 
may be experienced, if not something more serious. 

DETACHABLE 


FUSE BLOCK 
(PORCEL AIN) 


PORCEL AIN TOP CONTACT 5 AMP 
BASE SPRINGS FUSE WIRE 


FIG. 12.—TYPICAL HOUSE SERVICE FUSE 


The correct procedure consists of switching off at the main switch, 
after which the distribution box should be opened, when the defective 
fuse can be replaced. 

In general, the protection of these subsidiary circuits consists of a 
short length of 5 amp. fuse wire, securely clamped under two terminals 
which are embedded in a base of refractory material such as porcelain. 
Fuses of this type are generally detachable from the main base and can 
be withdrawn by the simple process of “pulling out”. (See Fig. 12.) 


Chapter IX 
PUBLIG AND TURRET CLOCKS 


EFORE the advent of the electrically driven turret clock, 
mechanism for operating the large exposed hands of tower 
clocks were (without exception) weight driven, and had 
to be designed to fulfil the following conditions: 


(i) To exert sufficient working forces to operate the exposed 
hands, under adverse weather conditions, including the 
increased weight of the hands brought about by snow. 

(ii) To keep accurate time even when the wind is of hurricane 
force and tending to retard (or advance) the progress of the 
hands. 


Another important factor in this connexion, is that as the strength 
of the mechanism is increased to fulfil the above conditions, it is 
also necessary to increase the weight in a ratio as much higher as 
the cube is to the square, and when you increase the weight the 
friction is also increased. Friction is a factor which should never be 
out of the mind of a clock designer; inasmuch as the timekeeping 
part of a mechanical clock is the only machine the function of which 
is to overcome its own friction; and there is the disadvantage of 
enormous pendulums, not to mention the driving weights, pulleys and 
lines. 

The application of. the synchronous motor clock has to a large 
extent overcome the difficulties set out in (i) and (ii) above, inasmuch 
as small and moderate-sized turret clocks are concerned. 


The “Synclock’? Movement 


The “Synclock” movement is a typical example of a heavy duty 
mechanism especially designed for turret clock installation, and can 
be supplied as a complete unit with hands fitted, or alternatively for 
driving existing hands on clocks in which the original weight-driven 
movement has been dispensed with. 

The torque of this particular mechanism is exceptionally high, 
higher than is normally required to turn the hands under adverse 
weather conditions, while the movement itself is so small as to be less 
than 1/5th the weight of the purely mechanical clock (without the 
weight and pendulum). Another advantage of the synchronous motor 
clock is, that when there are a number of public clocks in one area, 
they will all indicate the same time; the clocks being connected 
direct to the service main. 
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The “Synclock” turret clock movement contains a special self- 
starting synchronous motor (Warren) mounted directly behind the 
centre of the dial, while the gearing is housed between heavy steel 
plates carrying the necessary bearings, and which also support the 
shaft sleeves for the hour and minute hands. By this arrangement the 
tedious process of adjusting the minute hand shaft and hour hand sleeve 
are eliminated since they are integral parts of the movement. To 
facilitate setting the hands of the clock a small direct-reading dial and 
manual setting knob is provided on the back of the movement... 

There is no mechanical turret clock in existence that is so compact 
and simple as the syn- 
chronous motor type, 
and its accessibility en- 
ables the installation, 
subsequent change, or 
adjustment to be made 
with a minimum of 
effort, attention and cost. 
Another very important 
point is that the move- 
ment can be mounted 
close to, and directly 

(Everett, Edgecumbe & Co., Lid.) behind the centre of the 

FIG. 1.—THE “syNcLOcK” HEAVY DUTY Tower dial, thus leaving the 

MOVEMENT remaining space for 

other purposes—a very 

important point when accommodation has to be provided for venti- 
lating machinery, water tanks, or other gear. 


Conversion from Mechanical to Electrical Drive 


Existing turret clocks of the mechanical type can quite easily be 
converted to synchronous motor drive, in which case the existing 
hands and certain of the wheelwork can be retained. This arrangement 
is of considerable help when a four dial installation has to be converted. 
The synchronous motor movement imposes no limitation on size, 
design or position of the clock face. 


The “Pul-syn-etic’? Waiting Train Movement 


For operating the hands of very large turret clocks under adverse 
weather conditions, an enormous expenditure of energy is required, 
and the clock here described was designed especially to overcome this 
difficulty.: Unfortunately for the designer, many turret clocks of the 
larger type have four dials, when the problem of producing a successful 
mechanism is increased fourfold. 
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The Largest Clock in the World 


The largest electric turret clock of this type, in fact, the largest 
electric clock in the world, is installed in the tower of the Singer 
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FIG. 2.—PUL-SYN-ETIG WAITING TRAIN MECHANISM BEHIND 
THE ENORMOUS HANDS OF THE CLYDEBANK TOWER CLOCK 


Company’s Works at Clydebank. This gigantic clock has four dials 
measuring 26 feet in diameter. Other interesting details are: 


Height of tower, 240 ft. 

Length of hour hand, 9 ft. 6 in. 
Length of minute hand, 15 ft. 7 in. 
Size of chapters on dial, 4 ft. 3 in. 


The second gigantic clock of this type is installed in the tower of 
the Royal Liver Buildings, Liverpool, and contains four dials of 
25 feet diameter. Other details are: 

Height of tower, 220 ft. 
Length of minute hand, 14 ft. (3 ft. wide in centre). 
The hands are of sheet copper with gun-metal strips. 
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Since the east dial of this clock is installed in a separate tower it 
is necessary to employ four complete movements to operate the hands, 
in which circumstances it is essential that all four movements be 
electrically connected together. 

It seems unbelievable, but it is a fact that no less than 16 tons of 


FIG. 3.—HEAVY DUTY (FOUR DIAL) WAITING TRAIN MOVEMENT AS FITTED IN THE 
SINGER CLOCK AT CLYDEBANK 


iron and opal glass were used in the construction of the dials, while 
the total weight of the clock mechanism is nearly 3 tons. 

The working principle of the clock mechanism will now be described. 
This “waiting train” movement is designed and manufactured by 
Messrs. Gent and Co., of Leicester. The system employs a powerful motor 
pendulum to drive the hands, the vibration of which is maintained 
by an electro-magnetic system on the “Hipp” principle (Figs. 2 and 3). 
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The Motor Pendulum 


The motor pendulum—through the medium of a train of gears 
(and final worm and gear) drives the hands of the clock, thus forming 
an extremely large complete electric clock mechanism with a separate 
“life” of its own. The vibration of the pendulum is normally given 
a gaining-rate for reasons that will be described later. At a predeter- 
mined instant, a pawl forming a part of the mechanism is auto- 
matically raised out of engagement with the wheel propelling the clock 
mechanism, thus disconnecting temporarily the pendulum from the 
wheelwork until such time as the 
connexion is restored by a half 
minute impulse from a master, or 
as it is generally termed, synchro- 
nizing clock. This impulse operates 
the armature of an electro-magnetic 
release gear which is connected to 
the operating pawl through suitable 
linkage. 


Transmitter 


The transmitter that is required 
to operate in conjunction with the 
“waiting train” consists of a standard 
master clock arranged to transmit 
electrical impulses every half minute 
in the normal way, the only differ- 
ence being that the electro-magnet 
controlling this pawl release mechan- 
ism of the “‘waiting train” is included 
in the common circuit. A further FIG. 4.—PUL-SYN-ETIC WAITING TRAIN 

e yu MOVEMENT FOR LARGE TURRET CLOCKS 
characteristic of the motor pendulum 
is the method adopted to maintain its vibration, by an electro-magnet 
which in turn is controlled by a “Hipp” trailing blade contact device, 
thus enabling the contact to be completed (and therefore the current 
drawn from its source) whenever the pendulum seeks assistance. In 
circumstances where the pendulum meets unusual resistance (such as 
when the hands are subjected to adverse weather conditions), the 
“Hipp” contact device fitted to the pendulum will assist in supplying 
more power by automatically increasing the number of contacts, as 
often as is desired, in the same ratio as the power is required to rotate 
the wheelwork. In other words the “Hipp” system acts as an electrical 
governor. 


The Waiting Train Movement 
These movements are of two types, the first of which is suitable 
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for public and medium-sized turret clocks. Fig. 4 shows the lay- 
out of the essential components comprising the movement, from which 
it will be seen that a pendulum rod A contains a pivoted gathering 
pawl B, normally engaging the ratchet teeth of the wheel C. 
Anchored to a projection on the inner rim of the wheel is the pin Cl. 
This pin is so placed that during the course of its traverse it raises the 
end of a pivoted detent D, which contains a right-angled extension 
F, which is of sufficient 
length to normally en- 
gage the right extension 
ofia pivoted armature G. 

The extension of this 
armature is set so that 
the release of the end 
extension ofi detent F 
takes place when the 
vertical extension of the 
armature H is attracted 
by an electro-magnet 
I. As the pin Cl is 
approaching the maxi- 
mum “lift”? position of 
the pawl, D changes the 
angular position of ex- 
tension F sufficiently far 
to enable the extension 
of armature G to be 
released, with the result 
that it drops downwards 
taking up a position 
similar to that shown in 

the figure. At this stage, 
FIG. 5.—PUL-SYN-ETIC WAITING TRAIN MOVEMENT FOR 
MEDIUM SIZE TURRET CLOCKS however, the nose of 
pawl D has engaged the 
end of gathering pawl B due to the right-hand progress of the pendu- 
lum, which in doing so, lifts it clear of the ratchet wheel teeth, thus 
preventing any further progression of the train. The pendulum mean- 
time continues to swing idly, seeking an impulse less frequently than 
before due to the “Hipp” automatic contact device, and the light load 
the pendulum has now to meet. 

The motor pendulum is set to give a gaining time-rate for the 
purpose of compensating for the period lost during the synchronizing 
process. 

The system being mechanically set as described above has now to 
await the reception ofian impulse from the master clock at the usual 
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half-minute period, at which moment the electro-magnet J attracts 
the armature H, thus releasing the end of extension F, which in turn 
allows the pawl D to drop and also the gathering pawl B. The follow- 
ing half vibration of the pendulum then pulls the wheel C one tooth 
forward, thus bringing the hands of the clock to time, the sequence 
being repeated at every half minute. The wheelwork of the clock is 
driven through a system of worm and spiral gears from the shaft 7. 


FIG. 6.—MECHANISM OF PUL-SYN-ETIC WAITING TRAIN 
MOVEMENT FOR MEDIUM-SIZED TURRET CLOCKS 


Another Form of Waiting Train Movement 


In the second form of “‘waiting train’ (Fig. 5) movements the 
mechanical details differ somewhat from the mechanism described 
above. The basic idea is to drive the hands of the clock for a certain 
period by a motor pendulum, after which the latter becomes auto- 
matically inoperative for a short period, during which time synchro- 
nization is taking place, after which motion is restored by an impulse 
from the master clock. 

The movement contains a pendulum A, the amplitude of which is 
maintained by means of an electro-magnet B. An armature C imparts 
an impulse on the pendulum, by coacting with the pallet D. When the 
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swing of the pendulum has fallen off sufficiently for the trailing blade 
E to depress the notched block F, the circuit of the electro-magnet is 
completed through the contacts Gl, G2 and G3, the latter contact 
bringing into operation a non-inductive resistance, the purpose of 
which is to act as a “buffer swamp” at the instant the circuit 
is “broken” thus preventing sparking at the contacts. 


FIG. 7.—WAITING TRAIN MOVEMENT IN POSITION BEHIND 
DIAL OF MEDIUM-SIZED TURRET CLOCK 


At a short period before an impulse is received from the master 
clock the pawl H drives the wheel J, but it is approaching a position 
where a tooth has been omitted at L, with the result that during the 
next vibration of the pendulum the nose of the pawl H falls into the 
space L, thus allowing the pendulum to swing idly until an impulse 
is received from the master clock, at which moment the electro-magnet 
M becomes energized, and attracts the armature N, thus lifting the 
nose of the pawl clear of the teeth. Identical with this action, a second 
pawl P is also released, due to the upward movement of the catch O, 
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which is linked to an extension of the armature N. The pawl P 
contains two angular projections, the one nearest the pivot being 
higher than that near the nose. As this pawl is released it falls, and in 
doing so the nose (outer one) engages with a pin Q which extends from 
a disc R, mounted on the worm spindle. As the pendulum completes 
its vibration from left to right the disc is pulled round sufficiently 
far to span the “blank” space in the wheel from which the tooth has 
been omitted. The impulse ceases and the pawl H falls back, and 
re-engages the teeth of the wheel J. The pin Q meantime has 
reached a position where it “rides” the inclined plane of the second 
projection on the arm P, with the result that during the next vibration 
of the pendulum the arm P is “elevated” sufficiently high for the 
catch P1 to be caught and retained by an extension of the lever O, 
where it remains until the sequence is repeated. 

The movement and hands are constructed in accordance with the 
latest mechanical turret-clock practice. The minute hand shaft, 
and hour hand tube, which are exposed to the weather, are constructed 
of gun-metal which entirely prevents the “seizing-up” of these parts, 
due to rust—a characteristic when steel spindles are used. 

There are four sizes of “waiting train” movements, which are 
enumerated below: 


(i) For driving four dials up to 5 feet in diameter, or two dials 
of 5 feet 6 inches in diameter. 
(ii) For driving four dials up to 8 feet in diameter, or two dials 
up to 9 feet in diameter. 
(iii) For driving four dials up to 15 feet in diameter, or two dials 
up to 16 feet in diameter. 
(iv) For driving four dials up to 20 feet in diameter, or two dials 
up to 25 feet in diameter. 


These movements (shown in Figs. 6 and 7, arranged for single- and 
multi-dial operations), are extremely flexible, and are capable of driving 
the hands of much larger dials than those indicated in the preceeding 
paragraph, and there is practically no limit to the size to which these 
movements may be constructed. The ‘“‘waiting train” movement has 
undoubtedly made’ possible construction of electric turret clocks of 
the largest dimensions, possessing time-rates that cannot be surpassed 
by even the most accurate mechanically driven clock. 


Chapter X 


INSTALLATION OF ELECTRIC CLOCKS IN 
FACTORIES AND OFFICES 


LECTRIC clocks have gained a steady ascendency over the 
older mechanically driven timekeepers. This is particularly 
true of clocks used in large organizations, such as factories, 
offices, railways, hospitals, etc. 

The requirements of such installations, which often run to several 
hundred dials, are that they must show the correct time, all the time, 
and that all clocks must show the same time. Employees’ time- 
recording clocks must be included in the circuit, so that the time marked 
on the cards corresponds with the general time in the establishment, 
and start and cease work signals should preferably be operated auto- 
matically at the set times from the clock circuit rather than rely upon 
manual operation. In addition to the clock dials inside the building, 
there may be one or more large dials or tower clocks on the outside, 
and these must also be controlled by the factory time system. 

It is an advantage, too, if the time shown by the dials can be 
advanced or retarded from one central point, rather than by individual 
attention to each dial, which is a very big undertaking when the 
installation runs to hundreds of dials each situated in a different 
office. Such alteration to the time shown by the clocks is necessary 
when changing from summer to winter time and vice versa, and, of 
course, after any stoppage. 


Two Types of Clock Installations 


There are two types of clock installations in factories and similar 
places: 

(1) The self-contained or impulse system, which is generally 
battery-operated and is characterized by the fact that the minute 
hands of the clocks move round in half-minute jumps. The time is 
controlled by a master clock. 

(2) The synchronous system, in which the clocks are operated 
from A.C. mains which must be time-controlled at the power 
station, being otherwise useless for clock operation. Synchronous 
clocks cannot, of course, be operated from D.C. mains. 

The impulse system is self-contained and is independent of mains 
failure. It works at low voltage and all clocks can be advanced or 


retarded as and when required from the master clock. 
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Auxiliary equipment, such as time-recording clocks, programme 
controls for start and cease work signals, etc., are available with both 
systems. 


The Impulse Clock System 


There are a number of makes of impulse clocks in use to-day, and 
all of them comprise three essentials: (1) The master clock, which is a 
high-grade timekeeper electrically driven, which transmits electrical 
impulses at regular intervals, generally each half-minute, to (2) the 
clock dials, or secondary dials as they are usually termed, about the 
establishment. The third essential is the battery or other source of 
power. 


FACTORY 
TIME 
SIGNAL 


fli 


BATTERY 


BATTERY 
WARNING PROGRAMME 
DEVICE CONTROLLER 


MASTER 
TRANSMITTER 
FIG. I.—TYPICAL IMPULSE CLOCK CIRCUIT 


Other refinements, such as battery warning indicators, programme 
controllers, and time-recording clocks, are often included, but are not 
actually essential. 


Typical Impulse Clock Circuit 


All the items are connected in series. Fig. 1 shows a typical impulse 
clock time circuit. It will be noticed in the diagram that there are two 
pairs of connexions to the master clock. The explanation of this is 
that the master transmitter simply sends out half-minute impulses, 
and has no hands and dials of its own, but it is usual to fit a pilot dial 
in the same casing in the manner shown, and this is operated electri- 
cally in the same manner as the other secondary dials and is quite 
independent mechanically of the master transmitter. 

The master transmitter, which is pendulum-controlled, has there- 
fore only to operate the mechanism necessary to transmit an impulse 
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to the other dials once every half-minute, and for the rest of the time 
it is free to swing. This freeing of the pendulum from doing the 
mechanical work of driving the hands has made the electrically driven 
master clock the simplest and, therefore, the most accurate type of 
commercial clock. 


Power Supply Arrangements 


The power for impulse clock systems is generally derived from 
batteries, either dry cells, or, where mains are available to charge 
them, accumulators. 

The current consumption and voltage per dial required varies with 
different makes of impulse clocks. It is very small, the average being 
of the order of 0-2 amp. and 1 volt respectively. 
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FIG, 2.—IMPULSE CLOCK INSTALLATION OPERATED FROM A.C. SUPPLY MAINS 
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To avoid failure of clocks when mains supply fails, an accumulator battery is con- 
nected across the circuit, as shown dotted, and this is maintained fully charged by 
trickle charging. 


The oscillograph curve reproduced in Fig. 20, page 51, is an actual 
record of the half-minute pulse which is passed through all the clocks 
on a ‘“Pul-syn-etic” installation. It will be seen that the operating 
current is only 0-18 amp. for 1/20th sec. every half-minute. The 
voltage required for such an installation can be found from the 
following formula: 


V = (C + L) x 0-22 


where C = total resistance of clocks, L = resistance of line, V = 
voltage of the accumulator battery necessary. In this example, the 
resistance of the transmitter may be taken as 20 ohms, whilst the 
ordinary and inaudible clock movements having up to 12-in. dials 
are 3 and 4 ohms respectively, and 8 ohms for those having above 
12-in. and up to 20-in. dials. 

When A.C. supply mains are available, current can be fed direct 
to the system after being passed through a step-down transformer 
rectifier as shown in Fig, 2. This method, however, has a disadvantage 
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in that all clocks are stopped in the event of an interruption in the mains 
supply. In many establishments it is customary to switch off the mains 
current from the building at week-ends and nights, and therefore a 
small battery should be inserted as shown dotted in Fig. 2. This 
battery is then trickle-charged and will operate the clocks for several 
weeks if necessary. A system operated on this method requires no 
attention other than an occasional inspection of the battery and 
topping this up with distilled water. 

Trickle charging from D.C. supply mains is not practicable without 
first disconnecting the accumulator from the clock circuit, otherwise 
the clocks and wiring would be 
subject to the mains pressure to () as 
earth. In such cases it is usual to 
provide two batteries, one being 
in use while the other is being 
charged, and a special change- 
over switch is provided so that the 
change-over from one battery to 
the other can be made instan- 
taneously to ensure that a beat or 
impulse to the clock dials is not 
missed while the change-over is 
being made. 

When supply mains are not 
available primary cells may be 


employed: these may be of the dry <5 
or the Leclanche type, although 
the former are usually preferred. 

The battery room should be (Gent & Co., Ltd.) 
cool and well ventilated, and the 

ll h 1 h th FIG. 3.—PRINCIPLE OF AUDIBLE BATTERY 
cells themselves, whether accumu- o a 


lators or dry batteries, should be 

mounted on a shelf or in a ventilated cupboard or box. A battery 
.mounted in a hot and dry position will quickly deteriorate, and in 
any case it is advisable to cover all terminals with vaseline to prevent 
corrosion. All connexions must be made tight. 


Weak-battery Warning 


There is also the possibility that primary cells may approach the 
stage of exhaustion through not being inspected and replaced at 
proper intervals. To guard against the failure of the clock system due 
to the battery becoming exhausted a weak-battery signal should be 
provided. To some extent the clocks themselves act as a weak-battery 
signal—the movement of the hands becomes distinctly sluggish, 
although the battery must be badly discharged before it fails to work 
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the installation, and the timekeeping is not affected, that is to say, 
the hands “‘get there” every time, but take longer to do so than when 
the battery is fully charged. 

In one form of battery warning device a carbon filament lamp 
mounted in a suitable case is inserted in the circuit. The time during 
which the current flows under normal conditions is insufficient to 
allow the lamp to light up, but when the time of the current becomes 
longer due to a weakening battery the filament has time to reach full 
brilliancy and its flashing every half-minute soon calls attention to the 
state of the battery. 
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FIG. 4.—THE ABOVE INSTALLATION HAS A PRIME GROUP AND TWO SUB-GROUPS 


If the lines between the groups are damaged, each transmitter continues to operate 
its own group of clocks. 
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The principle of a warning device which gives audible indication 
that the battery requires attention is shown in Fig. 3. A is an electro- 
magnet connected in series with the clock and B an armature pivoted 
at C and provided at one end with weight D and at the other with 
a hammer E adjacent to a bell gong F. The action is as follows: 

When the battery is up to normal strength, the duration of contact 
in the master clock is extremely short, but when the battery weakens 
it is longer, or simply more time is taken to raise the gravity arm of the 
master clock on to its catch. 

When the impulse reaches the electro-magnet the armature B is 
momentarily attracted, but owing to the inertia of the weight, their 
impulse is normally over before the striker Æ has time to hit the 
gong, but when the impulse becomes longer, due to the weakness of 
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FIG. 5.—CIRCUIT DIAGRAM FOR LARGE INDUSTRIAL CLOCK INSTALLATION 
WITH SUB-DIVIDED CIRCUITS 
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the battery, the armature has time to become fully attracted, and the 
hammer F strikes the gong at every half-minute. 

These battery warning devices are not suitable for use where 
accumulators are employed, because even when discharged their 
voltage is 1-8 per cell, which is still sufficient to work the clocks. The 
battery nevertheless requires recharging when it has reached this 
voltage. 


Wiring Groups of Clocks 


The transmitters referred to above are capable of controlling a 
large number of clocks in one group scattered over a wide area. 
There are, however, circumstances which make it advantageous to 
employ several groups of clocks linked together for central control. 
For example, a large factory might consist of several units separated 
a short distance from each other, and employ overhead wires for 
connecting together the groups of clocks in the various units. In another 
case a large number of public clocks in a city may be grouped according 
to the geographical arrangement of the various districts and then 
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FIG. 6.—AUTOMATIC CUT-OUT FOR GUARDING CLOCK CIRCUIT 
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linked together for control from a central point. The sub-groups which 
form the complete system each employ either a sub-transmitter or 
sub-transmitting relay. 


Sub-transmitters 


When sub-transmitters are employed they are arranged as shown 
in Fig. 4. From this it will be seen that each sub-transmitter is con- 
nected to the prime transmitter by a pair of wires. The timing of the 


7/~SPARKING 
DEVICE 
~~ 

TRANSMITTER TRANSMITTER 
TERMINALS 
FIG. 7.—PLAIN SERIES WIRING LAY-OUT OF FIG. 8,—ELECTRIC CLOCK CIRCUITS ARE 
A 1I2-CLOCK TIME CIRCUIT EMBRACING OFTEN WIRED AS SHOWN 

FOUR FLOORS Twin-core cable may be used throughout 


if desired, It should be noted that the 
dials are still in series. 


sub-transmitters is synchronized by the prime transmitter, but the 
former impulse their respective groups independently of the latter. 
Consequently, if the circuit of a sub-group is interrupted only the 
clocks in that circuit are affected, and in the event of the prime 
circuit being interrupted none of the sub-groups will be affected. 
When overhead lines are used for linking sub-groups to the prime 
group an overhead-line relay is employed, as shown in Fig. 4; the prime 
circuit is not interrupted if the overhead wires are damaged. If, for 
instance, all overhead lines were carried away by a snowstorm, all 
clocks would continue to function. 

The reflex system is one that is extensively employed for syn- 
chronizing sub-transmitters and is described and illustrated on pages 


162-165. 
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Sub-transmitting Relay 


Relays may be used to repeat the prime-transmitter impulses to 
sub-groups in place of sub-transmitters, but as they are not self-acting, 
any interference to the circuits to them will stop the clocks under their 
control. 

In extremely large impulse systems involving, say, two or three 
hundred clocks in one building, clocks are arranged in a number of 
separate groups and controlled from a central distribution board. 
This board is fitted with the necessary sub-transmitting relays and 
battery-charging and measuring instruments. The use of sub-trans- 
mitting relays in this case enables the battery voltage to be kept low 
and prevents the whole of the system from being affected if the wiring 
in one part of the building is damaged. 


Automatic Cut-out 


Fig. 6 shows a typical installation in which overhead wires connect 
two sections which form one group of clocks. In this case there is 
always a risk that the overhead wires may be damaged and, unless 
special precautions are taken, interfere with the working of all clocks. 
An automatic cut-out should be inserted as shown in Fig. 6, so that 
in the event of such damage arising section 2 is isolated and all clocks 
in section 1 continue to function in the normal manner. The next 
impulse transmitted after the damage occurs causes the cut-out to 
operate and connect a resistor in series with the clocks in section 1. 
This resistor is equal to the resistance of the clocks in section 2, thereby 
keeping the current strength at normal. 

A typical cut-out consists of a relay movement which when operated 
closes its contacts and places the resistor in circuit and also releases a 
visual indicator, which must be restored by hand. 

The operation of the cut-out takes place automatically without the 
loss of an impulse, so that the clocks which are kept working are in 
no way affected. 


Practical Wiring Notes 


It has been shown in various diagrams that it is usual to wire all 
impulse clocks in series. Whenever possible a single wire should be 
run round the building to loop the clocks. 

The lay-out of the building sometimes makes it more convenient to 
employ a return wire. In such cases the clocks are often more or less 
in a straight line, making it impossible to run a wire in the loop form. 

To keep down the resistance of the circuit, cable no smaller than 
1/-044-in. should be used, and the runs kept as short as possible. A 
good grade of bell wire is permissible, but should only be used in 
situations where it is unlikely to be disturbed. 
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It is usually possible to employ 3/0-029 wire, but when the run is 
long and a large number of clocks exist, 3/0-036 should be used. 
Lead-covered 3/0-036-in. cable is generally preferred for this class of 
work on account of its mechanical strength. 

Sometimes an anti-sparking device consisting of a condenser or a 
high-resistance non-inductive choke coil is incorporated with the 
circuit, and is connected across the transmitter terminals as shown in 
Fig. 7, which gives a diagrammatic lay-out of a 12-clock time circuit. 

A great deal depends, of course, on the position of the dials, and the 
wiring will have to be installed in the most convenient manner, bear- 
ing in mind the desirability of concealing the cable and avoiding 
reinforced concrete ceilings and thick walls where possible. 

It is often found expedient to wire all the dials on each floor to a 
central connecting board, and to join these boards in series with the 
battery and transmitter (Fig. 8). 


Synchronous Clocks 


Synchronous clocks should be wired in parallel, and as the current 
consumption is small 3/0-029 wire may be used, but it should be 
protected by suitable fuses at the point where it is connected to the 
main supply. Whenever possible a separate circuit should be run 
from the main switchboard to avoid clocks being affected by the 
blowing of a local fuse. This circuit should be marked “‘Clocks”’ at all 
distribution boards, so that it will not be interfered with or other 
points connected to it. 


Installing Timing and Time-Recording Instruments 


It is not sufficient merely to display correct time throughout an 
industrial organization; means should be provided to ensure that 
correct times are observed and in certain cases recorded. Instruments 
are available for automatically governing processes to prevent over- 
or under-processing, thus enabling a manufacturer to obtain a greater 
uniformity of products than is possible when timing is left to operators. 
Other instruments correctly record the times spent on jobs and so 
permit of scientific costing and assist the wages department in com- 
piling their records. The instruments employed for these purposes 
and many other timing and time-recording devices are illustrated 
in Fig. 9. 

All the instruments shown in Fig. 9 can be connected to a common 
circuit controlled by a master transmitter. They may be connected 
to an existing electric clock system or to a separate impulse circuit if 
preferred. Many of the instruments can be controlled alternatively 
by synchronous movements operated by A.C. supply mains. 
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TO BELL CIRCUIT 


FIG. 10.—-PRINCIPLE OF PROGRAMME CONTROLLER 


Workmen’s Time Recorders 


There is probably no part of a factory where accurate and reliable 
timekeeping is more essential than in connexion with those clocks 
that operate the time recorders. 

The application of the impulse clock system to the time-recording 
clock falls into two categories as follows: 


1. Where the time recorder clock is electrically driven in a similar 
manner to the secondary dial already described, except that a 
specially powerful movement is provided in order to give suffi- 
cient reserve of power to operate the printing mechanism. 


2. Mechanically driven time-recording clocks already in existence 
before the installation of the impulse clock system. In this case 
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FIG, II.—CIRCUIT DIAGRAM OF CLOCK SYSTEM WITH AUTOMATICALLY-OPERATED 
SIGNAL BELLS 
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it is usual to retain them as mechanically driven units, i.e. 
they have to be wound in the usual manner, but a synchronizing 
device is fitted so to control the pendulum that the time indicated 
on the dial corresponds with that of the electrical clock system. 
A further advantage of this arrangement is that, should the 
electric clock system break down for any reason, time clocks will 
continue to operate as mechanical clocks. It will be appreciated 
that any stoppage of the time-clocks will probably seriously upset 
the wages and costing systems in a factory. How synchronizing 
action is carried out is described on pages 162-165. 


Process Timers 


The use of these instruments reduces the possibility of errors in 
timing processes to a minimum and enables a manufacturer to secure 
a uniformity of production which is not possible when timing is left 
to operatives. In almost every industry electrical timers can be 
employed, although certain processes require specially designed 
instruments. 

The single-point type of timer has a single-pointer, which normally 
rests at the zero position. It is set in operation by placing the pointer 
to the period required by the process to be timed. The timer then 
commences to function and its movement steps the pointer round the 
dial at second or half-minute intervals, according to the type of 
master transmitter employed. When the pointer reaches zero a contact 
is automatically closed which operates a visual or audible alarm signal. 
When the next operation is ready to commence the pointer is reset as 
before. Another type of timer has two pointers. 

When prolonged periods have to be catered for it is usual to employ 
a timer with two dials, one showing minutes and the other seconds. 
This type of instrument is also employed in cases where it is necessary 
to obtain extreme accuracy. In such cases a preliminary alarm can be 
given as a stand-by warning. 

A timer can be set in motion and reset for subsequent operations 
at a position remote from the instrument, or automatically by the 
processing machines with which it is associated. Facilities can also be 
incorporated whereby the processing machine is governed by the timer 
so as to prevent under- or over-processing. ‘These are provided by 
interlocking arrangements which prevent a machine being stopped 
before the correct time has elapsed, but automatically stop it at the 
correct moment. Recorders can be associated with timers so as to 
obtain a permanent record of the durations of all operations. 


Idle-machine Recorder 


The idle-machine recorder is employed, as its name implies, for 
recording the length of time during which machines stand idle. The 


L 
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use of such instruments provides an accurate record of importance in 
the computation of production statistics. Each machine is fitted with 
a contact device which closes when the machine is not working, and 
thereby completes a circuit to the recorder. This circuit operates a 
pen which marks upon the chart the periods during which the machine 
is idle. The recorders may be situated at various points in the machine 
shops or at a central office, whichever is desired. 


Programme Ringers 


Another feature of the impulse clock system in its application to 
factories and similar undertakings is the automatic operation of the 
start and cease work signals at prearranged times. The construction 
of the programme ringer or controller varies considerably according 
to the programme which it is required to carry out, but Fig. 10 shows 
the principle employed. The primary electrical impulse dial move- 
ment corresponding to the secondary dial rotates a wheel X one 
revolution per hour at half-minute intervals, and by suitably arranged 
gearing, wheel Y rotates once in twelve hours, and wheel Z rotates once 
in a week. A pair of contact springs engages at each of these wheels 
X, Y and Z. and since all the contacts are in series, the secondary 
circuit will not be completed unless all the contacts are closed 
simultaneously. 

In Fig. 10 wheel X makes contact for half a minute every 15 
minutes, but nothing will happen unless some 15-minute period is 
selected by wheel Y, by inserting a peg in the hole provided. Then if 
the wheel £ is making contact, as it does during working hours (it is 
shown arranged to open the circuit every night, on Saturday afternoon 
and on Sunday), the secondary circuit will be completed and the bells 
will ring for half a minute. The programme can be adjusted by 
altering the position of wheel X and by inserting. pins in wheel Y in 
appropriate positions. 

Where a ringing period of half a minute is too long, what is known 
as a duration contact may be used to deal with shorter periods of 5 
to 15 seconds. In one form of duration contact the closing of the 
secondary circuit energizes an electro-magnet, which in turn releases 
a clockwork mechanism, and this switches off the ringing circuit. 


The Synchronization of Workmen’s Recorders 


In large public buildings or works where a number of time-recording 
clocks are installed, or where a number of ordinary spring- or weight- 
driven clocks are used for normal timekeeping purposes, a difficulty 
presents itself in obtaining a uniform time-rate throughout the installa- 
tion; the time-rate between individual clocks tends to vary, which is a 
serious disadvantage, especially with works’ time recorders. 
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“Reflex” Pendulum Control 


Assuming an impulse master clock has already been installed for 
general timekeeping purposes then the difficulty mentioned above can 
quite easily be overcome by a device called the “Reflex” pendulum 
control. This is an extremely useful invention, by means of which the 
pendulums of any number of clocks may be synchronized with that 
of the master clock impulses, enabling the timekeeping of all clocks 
included in the installation to have the same ‘“‘rate”’ as that of the 
master; at the same time, the means of bringing this about does not 
demand either electrical or mechanical connexion with the gearing 
of the clock it is desired to synchronize. 

The actual synchronizing of the pendulum is brought about by 
the normal half-minute impulses which are transmitted through a 
circuit by a master clock which automatically adjusts the tension of a 
spring, or other suitable device, thus influencing the rate of the 
pendulum so that its vibrations are synchronized with the periodicity 
of the circuit impulses. Another unique feature confined to this 
system of synchronization is that no major changes have to be made 
in the mechanism of the recorder clock, the only additional items 
required being a light spring which is attached to the pendulum rod, 
and a controlling electro-magnet which is rigidly fixed to the recorder 
case, the latter item of which is connected in series with the “time 
circuit” of the master clock. 

Each recorder to be controlled has a separate life of its own, i.e. 
each being wound in the usual manner, the pendulum synchroniza- 
tion merely enables the pendulum to faithfully keep in step (or multiple 
thereof) with that of the master clock thereby enabling all the clocks 
to indicate the same time. 


Operation of the System 


To describe the action of this system, the drawing, Fig. 12, should 
be examined, from which it will be seen that the apparatus consists 
of two main parts: 


(i) The “vibrator”? which is readily clamped to the pendulum 
rod, without drilling or defacing the rod in any way. 

(ii) The controller (or “‘stator’’) which is screwed to the recorder 
case. 


The spring “vibrator” consists of a light spring pivoted at its upper 
end to a bracket which is clamped to the pendulum rod, approximately 
two-thirds up its length. A suitable stop anchored to the bracket is 
arranged to prevent the spring being deflected during that half 
vibration when the pendulum is being synchronized, i.e. when the 
impulse is transmitted in the master clock circuit. 

The controller or ‘‘stator” consists of an electro-magnet connected 
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in series with the time circuit and is so constructed that whenever an 
impulse is‘transmitted from the master clock a specially shaped 
armature is actuated. This armature is pivoted at its centre, thus 
leaving an extension on either side of its fulcrum. The upper surface 
of the left-hand extension is acted upon by the electro-magnet referred 
to above, while the extension nearest the pendulum is provided with a 
number of ratchet teeth. An adjustable screw attached to the base 
forms a “‘stop”’ for the armature, and is so adjusted that under normal 
conditions the toothed end of the armature can clear the free end of 
the spring “vibrator” during the oscillation of the pendulum from 


right to left. 
| 


At each half minute when an impulse is transmitted in the time 
circuit, the following sequence occurs: 
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(i) The electro-magnet of the ‘‘stator” becomes energized and 
the armature is attracted thus elevating the toothed extension 
sufficiently far to be in the ‘‘track” of the vibration spring. 

(ii) During the travel of the pendulum from “right” to “left” 
the extreme end of the spring ‘‘vibrator’’ engages one tooth 
of the “ratchet” thus deflecting it, and therefore tending to 
arrest slightly the progress of the pendulum. 

(iii) The duration of the impulse then ceases, and the armature 
returns to its normal position, thus allowing the spring 
“vibrator” to swing clear of the ratchet teeth until the 
sequence is repeated. 


It will be understood from the foregoing description that whenever 
the spring vibrator is arrested by the “‘ratchet” it will have a tendency 
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to terminate the vibrations of the pendulum sooner, but during the 
next half vibration (or return swing), the straightening out of the 
spring will assist the acceleration of the pendulum, thus enabling it to 
arrive at the end of its arc a little sooner. 


Installing the Device 


It is necessary when installing this synchronizing device to adjust 
the clock for a slightly losing rate (approximately two minutes a day), 
which can be accomplished as follows: 


(i) Turn the key of the “‘stator”’ to its “off” position and regulate 
the clock to approximately the above rate. 

(ii) Turn the key of the “stator” to the “on” position and the 
pendulum will vibrate in unison with all other clocks con- 
nected in the circuit. 


So effective is this control system that a pendulum giving eighty- 
eight vibrations per minute (as is standard in most recorders), can be 
synchronized to give “master clock” time, although it normally had 
a losing rate of as much as ten minutes a day. Another example worth 
mentioning is that irrespective of the number of clocks (in which 
this device is fitted) all their pendulums will indefinitely swing in 
synchronism. 

The makers of this device, called the “Reflex control”, are Messrs. T. 
Gent © Co. Ltd., of Leicester, who also make a larger type suitable for 
turret clock application. 
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Accumulator. (see Battery) 
Alarm, synchronous, clock, 117 
Alternating current: 

curve, 13, 95 

fundamentals of, 21 
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Ammeter, testing coils with, 16, 124 
Ampere-turns, 11 
Aron electrically wound clock, 61 
Asynchronous motor, 24 
Ato master clock system, 77 
Audible battery warning device, 153 


Bain clocks, 35 
Balance contacts, 39, 42, 44, 65, 66, 84 
Balance, large, precision timekeeper, 82 
Balanced reed escapement, magnetic, 81 
Balance wheel clocks: 
Eureka, 38 
Orel-Micro, 65 
Reason, 41 
Reid, 42 
Smiths (Jaeger), 66 
Wise, 43, 84 
Battery: 
installation, 152 
primary cell, 153 
testing, 123, 155 
trickle charging, 153 
weak, warning, 152 
Bearings, extraction of, 132 
motor, lubrication of, 136 
oil-impregnated, 115, 121 
synchronous motor, 115, 135 
Bulle domestic clock, 52-54 


Cells, primary, 123, 153 
Clock coils, testing, 16, 17 
Clocks: 
balance wheel 
clocks) 
central control of, 28 
D.C. servicing, 122 
electrically wound (see Electrically 
wound clocks) 

* master (see Master clock systems) 
pendulum (see Pendulum clocks) 
secondary (see Secondary clocks) 
synchronous motor (see Synchronous 

clocks) 

Coils, power consumption of, 18 

Coils, testing, 16, 17 

Conductive oxides on contacts, 20 

Connexions, broken, testing for, 124 

Contacts: 

Aron, 62 

Ato, 78 

Bain, 36 

balance wheel, 39, 42, 44, 65, 66, 84 


(see Balance wheel 


Contacts—contd. 
Bulle, 53 
conducting oxide, 20 
duration, 71, 160, 162 
electrically wound clocks, 60, 62, 63, 
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Eureka, 39 
faulty, 19, 123, 124 
Hatot, 76 
Hipp, 37, 125, 145 
International Time Recording Co., 72 
modern, 20 
Orel-Micro, 65 
pendulum, 36, 37, 47, 50, 53, 62, 76, 
124, 125, 145 

Pul-syn-etic, 50 
Reason, 42 
Reid, 42 
self-cleaning, 20 
Smiths (Jaeger,) 66 
Sterling, 63 
Synchronome, 47 
testing, 19, 123 
Venner, 93 
XL, 60 

Copying clocks, 67, 77 

Cut-outs, automatic, 154 


Direct current clocks, servicing, 122 

Distribution of. current to consumers, 26 

Drive, converting mechanical to elec- 
trical, 142 

Dual-purpose electric clock, 43 

Duration contact, 71, 160, 162 


Eddy-current disc, 24, 86 
Electrically wound clocks: 

Aron, 62 

Inducta, 56 

Siemens, 87 

Sterling, 63 

Venner, 93 

XL, 60 
Electricity, elementary principles of, 9 
Electro-inductive effect, 11, 12 
Electro-magnet, 10 
Electro-motive force, 12 
Escapement, magnetic, 79 
Escapement, Orel-Micro, 65 
Eureka balance wheel clock, 38 


Ferranti clock: 
alarm, 117 
high-torque, 108 
servicing, 129, 130, 135 
synchronous, 117 

Ferraris induction motor, 86, 97, 137 
motor-wound clock, 88 
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Foucault currents, 86 
disc, 24, 86 

Frequency control, power station, 27 
meter, resonant, 93 

Fuses, 137, 139, 140 


Gear train: 

Inducta system, 57 

synchronous motor, 99, 102, 114, 130 
Generation of current, 11, 33 
Generation stations, control of clocks 

from, 26 

Generator, alternating current, 12, 26, 33 
Governor control, turbo-generator, 29 


Hand-starting devices, 
clocks, 110 

Hatot pendulum clock, 76 

Hipp pendulum clock, 37, 125 

Horstmann-Clifford magnetic escape- 
ment, 79 

Hysteresis, 96 


synchronous 


Idle-machine recorder, 158 
Impulse accumulator, 74 
Impulse clock systems (see Master clock 
systems and Secondary clocks) 
Inducta system, 56 
Induction, 11, 48 
motor, 24, 25, 86, 98 
Installation: 
impulse clocks systems, 127, 150 
synchronous clocks, 137, 157 
International Time Recording master 
clock system, 82 


Lagging power factor, 21 
Lubrication of clocks, 113, 135 


Magneta impulse dial, 70 
Magnetic escapement, 
Clifford, 79 

Magnetic reluctance, 11 
Magnetic time constant, 12 
Magnets, 9 
Master clock, central station, 30 
Master clock systems: 

Ato, 77 

impulse current, 152 

Inducta, 56 

installation of, 150 

International, 72 

power supply, 153 

Pul-syn-etic, 50, 152 

servicing, 124 

Synchronome, 48, 124 
Master frequency meter, 31 
Mechanically driven clock: 

conversion to electric drive, 142 
Meters, electric supply, 137 

frequency, 91 

master frequency, 31 


Horstmann- 
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Motor pendulum, 145 
Motors: 
asynchronous, 24, 86, 98 
Ferraris induction, 86, 91 
induction, 24, 86, 98 
shaded pole, 23, 87, 101 
squirrel-cage, 23, 98 
synchronous (see Synchronous motors) 
three-phase, 25 


Ohm’s law, 15 

Oil-impregnated bearings, 113, 121 
Oils for synchronous clocks, 113, 136 
Orel-Micro balance clock, 65 


Pendulum clocks: 

Ato, 77 

Bain, 34 

Bulle, 52 

copying, 67, 77 

free, 49 

Hatot, 76 

Hipp, 37, 125 

Inducta, 57 

International, 72 

levelling, 125, 127 

magnetic escapement, 79 

Pul-syn-etic, 50, 152 

Shortt, 49 

slave, 49 

Synchronome, 46, 124 
Pendulum contacts (see under Contacts) 
Pendulum control, Reflex, 163 
Pendulum, motor, 145 
Pendulum, regenerative, Hatot, 75 
Pendulums, sympathetic, 67, 77 
Pendulums, synchronization of, 162 
Permanence factor, 90 
Phase shifting methods, 23, 87, 89 
Power: 

consumption of A.C, clocks, 20, 21 

consumption of coils, 18 

factor, 21 

supply for impulse clocks, 151 
Primary cells, 123, 153 
Princeps repeater dial mechanism, 68 
Process timers, 161 
Public clocks, 141 
Pul-syn-etic: 

repeater dial mechanism, 70 

time transmitter, 50, 152 

waiting train movement, 142 


Reason balance wheel clock, 40 
Receiver clocks (see Secondary clocks) 
Recorders, time, 160 

synchronization of, 156, 161, 162 
Reed, vibrating, 93 
Reflex pendulum control, 163 
Regenerative pendulum, Hatot, 76 
Reid electric clock, 42 
Relays, sub-transmitting, 154 
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Repair: 
D.C. clocks, 122 
synchronous clocks, 128 
Repeater clocks (see Secondary clocks) 
Resonant frequency meter, 93 
Rewound clocks (see Electrically wound 
clocks) 
Rotor, squirrel-cage, 23 


Sangamo clocks, 103, 104, 135 
Secondary clocks: 
adjusting, 126 
Ato, 77 
connection of, 47, 72, 77, 126, 151- 
164 
Inducta, 57 
International Time Recording Co., 
72, 74 
Magneta, 70, 71 
pendulum, 67, 77 
Princeps, 68 
Pul-syn-etic, 70 
Synchronome, 69, 127 
wheelwork of, 67-74 
wiring, 126, 155, 157 
Self-starting clocks, 97, 101, 104, 106, 108 
Self-starting motor, 86, 98 
Shaded-pole motor, 23, 87, 101 


Shortt free pendulum and slave clocks, - 


Siemens motor-wound clock, 88 
Single-phase induction motor, 23 
Slave clock, 49 
Smiths (Jaeger) balance wheel clock, 66 
Smiths synchronous clocks, 113 

overhaul, 113, 131 
Squirrel-cage induction motor, 23, 98 
Stability factor, 62 
Sterling electrically wound clock, 63 
Sub-transmitters, 154 
Sub-transmitting relay, 154 
Sympathetic pendulums, 67, 77 
Synchronization of pendulums, 156, 161, 
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Synchronomains clock, 110 
Synchronome clock: 

contacts, 20, 47 

free pendulum, 49 

secondary, 69, 127 

time transmitter, 46, 124 
Synchronous clocks, 102, 114 

alarm, 117 

Ferranti, 108, 117 

gearing, 9, 99, 130 

hand-started, 110 et seq. 

impulse starting, 96, 106 

inspection of, 129 


ELECTRIC CLOCKS 


Synchronous clocks—contd. 
installation of, 137, 157 
Sangamo, 103, 104, 135 
self-starting, 97, 101, 104, 106, 108 
servicing, 13, 128 
Smiths, 112, 131 
Synchronomains, 110 
Synclock, 31, 101, 125, 141 
Temco, 120, 135, 137 
testing, 15, 134 
time variations of, 32 
Venner, 106 
Warren, 31, 101 

Synchronous motor, 12, 94 
bearings, 135 
operating by tuning fork, 14 
speed of, 13 

Synclock: 
heavy duty movement, 141 
motor, 31, 101, 135, 141 


Temco clock, 120, 135, 137 
Testing, battery, 123 
clocks, 15, 134 
contacts, 19 
Three-phase motors, 25 
Time recorders, 159 
Time transmitters 
systems) 
Timing instruments, 158 
Transformer, 22, 26 
Transmitters, time 
systems) 
Trickle-charging, 153 
Tuning fork generator, 14 
Turbo-generating set, 26 
Turret clocks, 141 


(see Master clock 


(see Master clock 


Venner: 
synchronous motor clock, 105 
unidirection starting device, 107 
Vibrating reed, 93 
Vibrating rewind motor, 93 


Waiting train movements, 142 
Warren clock, 31, 101 
Watt-hour meter, 137 
Watts, calculation of, 16, 22 
Wheelwork, impulse clock, 67-74 
Wiring: 
impulse clock systems, 156 
synchronous clocks, 137, 157 
Wise dual purpose clock, 43 
Workmen’s recorders, synchronization 
of, 156, 161, 162 


XL electrically wound clock, 59 


